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This “gun 
shoots wire 


around corners 


I. DOESN’T take long to wrap 
one wire around a terminal and 
snip off the end. But hundreds of 
millions of such connections are be- 
ing made each year. 


Now this job is done much more 
efficiently with a new wire wrap- 
ping tool invented at Bell Tele- 
phone Laboratories. This “gun” 
whirls wire tightly around terminals 
before solder is applied. The con- 
nection is better and there is no 
waste wire. 


The hand-operated wrapper 
shown here is for the telephone 


man’s tool kit. Power-driven wrap- 
pers developed by Western Electric, 
manufacturing unit of the Bell 
System, are speeding the produc- 
tion of telephone equipment. The 
gun’s small nozzle reaches where 
fingers couldn’t—a big advantage 
these days when parts are made 
smaller as well as better. 


Bell Telephone Laboratories 
scientists devise many special tools 
to help your telephone system meet 
growing demands — and keep your 
telephone service one of today’s 
best bargains. 


BELL TELEPHONE LABORATORIES 


Working continually to keep your telephone service big in value and low in cost 
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Engineering at Michigan State 


Annual Meeting—Michigan State College— June 25-29, 1951 


By PROFESSORS C. M. CADE of Civil Engineering and L. C. PRICE 
of Mechanical Engineering 


Michigan Agricultural College, the first 
of its kind in this hemisphere if not in 
the world, opened its doors in September 
1857 with an enrollment of 40 and a 
faculty of 7. As might well be expected 
in a pioneer society, practical applica- 
tions of basic science were emphasized 
from its very beginning. Engineering 
was contemplated during discussions 
which preceded the formal opening. 
Some branches of engineering were au- 
thorized in the first curriculum, five 
years before the passage of the Morrill 
Act of 1862. This act which specifically 
provided for National support of this and 
similar institutions included Engineering 
(Mechanic Arts) as part of the required 
instruction. 

As is often the case, action by some one 
individual seems necessary to get a new 
undertaking underway. The individual 
| in this instance was Professor R. C. 
Carpenter, a graduate of the class of 
1873, who, after attending the University 
of Michigan where he received a degree 
in Civil Engineering, returned to his 
Alma Mater to teach Mathematics. Pro- 
fessor Carpenter, after 15 years at 
M.A.C., went to Cornell University where 
he was Professor of Experimental Engi- 
neering until his death in 1919. Profes- 
sor Carpenter is well known as one of 
the leading engineering educators and 
consulting engineers of the United States. 

While at M.A.C. Professor Carpenter 
prepared plans for the engineering build- 
ing which served many generations of 
engineers (1885 to 1907) and continued 
im service as shops and Strength of Mate- 


rials laboratories until destroyed by fire 
in 1916. 

With the construction and occupation 
of this building, Engineering became a 
recognized part of the work of the col- 
lege. The avowed purpose of the Board 
of Control was to establish: “A first 
class school of technology in which shall 
be taught the principles upon which the 
leading industries of the country are 
based, with a full line of instruction in 
the use of tools and the construction of 
mechanical products, according to the best 
approved plans of such institutions in 
this country and in Europe. Special 
facilities will be furnished for instruc- 
tion and practice in free hand drawing 
and mechanical draughting, and in ex- 
perimental physics, with unexcelled ad- 
vantages in those branches of mathe- 
matics and the sciences involved in sci- 
entifie mechanics. Instruction will also 
be afforded in the English language, 
bookkeeping, and the business law, so 
that each student shall be well fitted by 
a general and business as well as a tech- 
nical education for any position he may 
seek.” : 

This declaration of purpose has served 
the School of Engineering for well over 
half a century. 

In 1889, the course was officially de- 
signated by the name Mechanical Engi- 
neering which persisted until 1907 when 
the title was changed to Engineering 
Course in which Mechanical Engineering 
continued as one of the options. In the 
meantime, Civil Engineering and Elec- 
trical | Engineering options were intro- 
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duced—the former in 1901 and the latter 
in 1906. 

The growth of industry during the first 
years of the twentieth century had a pro- 
found effect on the fortunes of the En- 
gineering School. Michigan State Col- 
lege is centrally located with respect to 
the industrial centers of the State of 
Michigan, and its graduates are among 
the leaders in this industrial growth. 
The earliest effect was seen in the con- 
struction of the Main Engineering Build- 
ing which was first occupied in the Fall 


The old building 
was at that time converted entirely 
shops and testing laboratories. 


of the year 1907. 


Destruction and Renovation 


Fire during the night of March 5, 1916, § 


burned both these buildings to the ground, 
together with their contents, and inelué- 
ing all shops and laboratory equipment 
Undaunted by this catastrophe, Adminis 
tration, Faculty, and students entered 
into the task of reconstruction. Tempo 
rary offices were obtained in the Agri 
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cultural Building. Every nook and 
eranny on the campus was explored for 
space and equipment. State Departments 
in the nearby Capital City of Lansing 
loaned equipment for laboratories. In 
the meantime, plans were being prepared 
for a new general engineering building 
and three shops. The former, built on 
the foundations of the old building, was 
named R. E. Olds Hall of Engineering 
in honor of Ransom EK. Olds, the auto- 
motive pioneer, who contributed liberally 
towards the reconstruction. 

Growth of the Engineering School re- 
quired the building of additions to Olds 
Hall, as well as erection of other build- 
ings. There are now an Engineering 
Group, consisting of Olds Hall and sev- 
eral other closely adjacent buildings, a 
Chemical Engineering Laboratory Build- 
ing, an Electrical Engineering Building, 
and an Agricultural Engineering Building. 
Two buildings of the Engineering Group 
face the Campus Circle, the main drive 
of the campus. This group was com- 
pleted in less than a year and was fully 
occupied just before the outbreak of 
World War I. 

Olds Hall itself now houses the Depart- 
ments of Civil and Sanitary Engineering, 
Metallurgical Engineering, and the Re- 
search Division of the Michigan State 
Highway Department, as well as parts 
of the Departments of Chemical Engi- 
neering, Mechanical Engineering, and En- 
gineering Drawing. The Mechanical En- 
gineering Shops and Automotive and 
Industrial Laboratories are in other build- 
ings of the Engineering Group. Chemi- 
cal Engineering is housed partly in Olds 
Hall and partly in a separate building. 

Chemical Engineering was introduced 
during the year 1931 in response to a 
demand induced by the growth of the 
chemical manufacturing industry. Of- 
fiees and laboratories are found on the 
top (fourth) floor of Olds Hall, while a 
unit processes laboratory stands just back 
of the power house. 

Agricultural Engineering, a successor 
to Farm Mechanics, has recently come 
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into its own with the dedication of a new 
office and laboratory structure among the 
finest in the Middle West, on May 6, 
1948. This building is located south of the 
original campus across the Cedar River 
from the main engineering group. It 
houses the Agricultural Engineering De- 
partment, undergraduate and graduate. 
Unexeelled facilities for research and 
teaching are found here in the more than 
75,000 square feet of floor space thus 
provided. The course built on the foun- 
dation of the old farm shop curriculum is 
now engineering in the fullest sense. The 
same basic mathematics, mechanics, and 
design courses are required as in the 
mechanical and other engineering courses. 


Recent Developments 


The latest addition in 1948 to the engi- 
neering group is the Electrical Engi- 
neering Building containing 68,000 square 
feet of laboratory and office floor space. 
This building faces the tree lined Cedar 
River which flows through the college 
campus and lands for nearly two miles. 
It is spanned by several bridges in this 
distance, carrying traffic to the South 
Campus, Military and athletic depart- 
ments, and College Farm of more than 
2000 acres. 

The South Campus is a recent exten- 
sive temporary building development to 
take care of the great increase in en- 
rollment since World War II. One of 
these buildings, about 12,000 sq. ft. of 
floor space, is devoted entirely to engi- 
neering offices, classrooms and drawing 
rooms. Also located in this building will 
be found surveying equipment for all 
elementary courses. 

The Research Division of the Michigan 
State Highway Department under the di- 
rection of a former professor of the De- 
partment of Civil Engineering was es- 
tablished at Michigan State College in 
1939. Close association with the Engi- 


neering School is maintained. Excellent 
opportunity is afforded engineering stu- 
dents to participate and observe the work 
of this section which is located in the 
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south wing of the main engineering 
building. 

The designation, Agricultural College, 
being no longer truly representative of 


the institution, was changed to Michigan: 


State College in 1925. While the in- 
stitution with enrollment of 16,000 is a 
university in every sense of the word, it 
is preferred to retain the designation, 
College, in order to avoid the otherwise 
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resultant confusion due to the short dis- | 
tance from the University of Michigan. 
Michigan State College and its School | 
of Engineering have unlimited space in © 
which to grow and expand. The found. © U : 
ing fathers of the last century planned [ ni 
wisely and well and not the least of their | 
planning included ample land area in | 
such form that this facility can not be E 
limited. 
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Universities and Research for National Defense 


By ERIC A. WALKER * 


Executive Secretary, Research and Development Board of Department of Defense 


The purpose of this article is to ex- 


_ plain briefly the research and develop- 


ment program of the Department of De- 


| fense and to point out the part that uni- 
' versities can play in our effort to assure 


that in such emergencies as the present 


one we will be better prepared than in 
' similar times past. 


It is often said that a new war is 


| started with the weapons of the preceding 
' war. Thus, the crude Gatling gun intro- 
_ duced during the Civil War was improved 
' into the deadly machine gun of World 
| War I. 


In their turn, the crude tanks 
and airplanes introduced in World War 
I were developed into the super tanks and 
aircraft of World War II. During 
World War II radar, guided missiles, 
and the atomic bomb made their advent, 
and it begins to look as if they too will 


‘only be improved by World War III, 


with no startling new developments. 
There is a reason for this pattern, one 
that is quite clear to anyone who stops 
and thinks about the course of history. 
It was decided that World War I had 
been the war to end all wars and that no 
further expenditure for war would ever 
be necessary. Not only did we reduce our 


| Army and Navy and scrap most of our 


equipment, but we gave negligible sup- 
port to the military research and devel- 
opment which would give us_ better 
Weapons if war ever came again. Look- 
ing back, it is easy to say that this neg- 
leet of research was foolish, for certainly 
the investment necessary to have kept our 
weapons ahead of any potential enemy’s 
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would have been a small price to pay for 
the prevention of World War II. 

Actually, before World War II the 
total annual expenditure for research and 
development by the War and Navy De- 
partments was less than 30 million a 
year; and, indeed, the total remained near 
this level even during 1940 when it was 
evident to everyone that war was im- 
minent. With the coming of World War 
II, however, vast sums were made avail- 
able for research and development on new 
weapons and weapons systems. Very 
quickly the dollar effort rose to more 
than 500 million, of which approximately 
two thirds was spent by the War and 
Navy Departments and the remainder by 
the Office of Scientific Research and De- 
velopment. 

It is interesting to note that during 
World War II the research capacity of 
the country, measured in dollars, rose 
from about 300 million to 1% billion. 
This was accomplished by a distinct 
change in the research administration in 
this country. No longer was the re- 
searcher regarded as a long-whiskered 
professor working alone in a dark and 
musty cellar, but he was respected as an 
unusual person whose talents should be 
amplified by all the assistance that he 
could use from secretaries, technicians, 
and others. At the same time, because of 
the widespread demand for research 
workers, many who had the talents and 
who were not using them were called in 
from engineering, design, sales, teaching, 
and other allied pursuits. I mention this 
only to indicate that although our re- 
search gapacity increased almost five-fold 
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during these five war years, we cannot 
continue to expand indefinitely, because 
today almost everyone who has talent in 
research and development is already 
working in this field. 

For the past five years, from 1945 to 
1950, the expenditure of the Depart- 
ment of Defense for research and devel- 
opment has remained at about 500 million 
dollars annually. The fact that this fig- 
ure has been sustained indicates an 
awareness that the improvement of our 
weapons in years of peace is a good in- 
vestment. 

It is interesting to note, also, that the 
amount of money spent annually on re- 
search and development is today 2% 
times the average over-all amount appro- 
priated for both the War and Navy De- 
partments in a year just prior to World 
War I. 

We might mention also that the total 
research expenditure of the country has 
increased because more scientists are 
available—which is good—and because 
the costs of research have increased— 
which is bad. Today, in 1951, we believe 
that the research capacity of the coun- 
try is about $1,700,000,000. We now 
hope to increase the fraction of this sum 
spent by the Department of Defense from 
500 million dollars to something in ex- 
cess of one billion dollars. A question 
which naturally arises is “Why is this 
necessary or desirable?” 


Experiences of the Past 


Let us look back to 1945 and see what 
our goals were at that time. We had just 
finished a long war in which new weapons 
and devices such as radar, the atomic 
bomb, and the proximity fuze had been 
developed. During this period, basic re- 
search had been neglected, and there were 
many areas in which our design calcula- 
tions were on shaky ground, or in which 
the theory was quite insecure. It was 
obvious that these gaps had to be filled 
and that basic research had to be extended 
to provide a foundation for further de- 
velopments and newer weapons. More- 
over, much of our new equipment was 





cumbersome and, to some extent, un- 
reliable. It was increasingly desirable to 


simplify and improve our equipment and [| 


many contracts were written with this in 
mind. Many new research projects were 
undertaken, and a goal was set for the 
termination of these research programs 
in 1955 or 1960. At the end of World 
War II, it seemed safe to assume that 
we had fifteen years of peace ahead of us. 
Now we know that this was not true and 


that if there was formerly an expectation | 


of war by 1960, we should now be ready 
at a much earlier date—1955 or perhaps 


-even 1952. 


The nation, through Congress, has de- 
cided to assume a new and different mili- 
tary posture. We are to increase our 
number of air groups, strengthen and en- 
large our Army, and add to the ships and 
carriers in the Navy. This means we 
must buy new weapons, but what shall we 
buy? Are we once more to buy replicas 
of the weapons of the last war, or should 
we have new weapons which can again 
put us one step ahead of our potential 
enemies? 

Obviously, we should like to order only 
newer and better weapons, but where the 
development of these has not been com- 
pleted, the blueprints are not ready, and 
the best we can do is compromise—buy 
some of the old weapons now and rush 
through our development program 8 
that within the next year or so we can be 
prepared to build and issue to our forces 
the best weapons available. 


The solution to the problem of military | 
research and development is not an easy | 


one, and many dislocations can be seen 
as we move from old schedules into the 
new ones. There is no over-all solution to 
the problem. Each item must be treated 
specially and the best solution found. 
We are finding these solutions and will 
continue to do so. 

What can the universities do to help 
in this situation? The answer is almost 
obvious. The universities played an il 
portant part in the research and develop- 
ment program of the Office of Scientific 
Research and Development during World 
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War II. Many of them held important 
contracts with that agency, and they also 
contributed importantly to the staffing and 
administration of the Office of Scientific 
Research and Development by the loan of 
such eminent educators as James B. 
Conant, Karl T. Compton, Edward L. 
Moreland, Roger Adams, and many 
others. 


Agencies of Research Administration 


The creation of a special agency to 
spearhead military research and devel- 
opment will probably not be repeated. 
There is not the huge gap in the program 
that existed in 1940. There is a much 
keener appreciation at the higher levels 
of our armed services of the value of re- 
search, and funds for research and de- 
velopment have not been seriously cur- 
tailed. Mutual respect between the scien- 
tiss and the military man has grown 
since the wartime experience. For these 
and many other reasons, it seems doubt- 
ful if a new, independent, free-wheeling 
organization will be established. Indeed 
if it should be, it would be difficult to 
escape the impression that the armed 
services themselves had failed. 

During the past five years the univer- 
sities have taken a considerable share of 
the research and development dollar and 
have assisted mightily in the task of im- 
proving our weapons as well as restoring 
our supply of fundamental knowledge. 
In cold figures, the universities have un- 
dertaken about 9 per cent of the total 
program. If the military research and 
development program is to be increased, 
there are reasons why the university 
share should be increased in the same pro- 
portion. In all probability this ean be 
done, to the mutual benefit of the De- 
partment of Defense and the universities 
themselves. 

_Some startling figures have been pub- 
lished, indicating the tremendous drop in 
enrollments in succeeding engineering 
classes. These figures need not be re- 
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peated here. However, the very fact 
that there will be fewer students means 
that fewer professors will be needed for 
instructional purposes, and unless col- 
leges are better off financially than I think 
they are, there will be many college pro- 
fessors looking for new jobs. Unfor- 
tunately, in times like these it is the bet- 
ter man who finds it easier to move, and 
because there is such a huge demand for 
research people the universities are 
likely to lose many of their good research 
men, unless adequate opportunities can 
be proved on the home campus. 

These opportunities do exist, and more 
can be created. Already there are uni- 
versities which have contracts with the 
Department of Defense, either through 
the Office of Naval Research or the Bu- 
reaus of the Navy or the various com- 
mands of the Army and Air Force. The 
armed services wish to use more univer- 
sity people, but unfortunately not as 
many in the area of basie research as 
the universities might desire. 

The Department of Defense has a firm 
policy on basic research which provides 
that the support of such research in any 
given year shall not fall below a level 
of 6 per cent of the average sum spent on 


research and development during the pre- ~ 


ceding five years. The support of basic 
research, however, is not the chief pur- 
pose of the present research and devel- 
opment effort. 

The purpose of this effort is to get 
weapons into the hands of the fleet and 
the land and air forces. We want to 
buy time with money. We want to 
build two prototypes where before we 
could afford only one, and we want the 
blueprints and specifications quickly. So, 
if the universities are to assist, they must 
be prepared to assist in development as 
well as research programs. Develop- 
ment is the activity in which the engi- 
neering schools can be of particular 
assistance, 
























































Industrial Fellowships for Graduate Study 
from the University Viewpoint” 


By W. L. EVERITT 





Dean, School of Engineering, University of Illinois | 


It has been said that “The greatest 
study of man is man himself.” The study 
of man cannot be separated from the 
study of his environment, because unlike 
other animals, the environment of man 
is determined largely by his own activi- 
ties. One of the most productive and 
stimulating of man’s activities is the field 
of research. The productivity of this re- 
search is determined primarily by the 
men who engage in it and the environ- 
ment with which they are surrounded. 

Astounding to the historian are the 
rapid changes which have been produced 
by the industrial revolution in a period 
which is infinitesimal compared with the 
life of the species. It should be recog- 
nized that the products resulting from 
technology have produced more profound 
changes in our social structure than any 
of the actions of the social scientists them- 
selves. The sociologist and the economist 
may observe and codify the interaction of 
social forces but the research and in- 
vention of the engineer and scientist have 
been the source from which the majority 
of these forces have arisen. In this group 
I do not need to speak in praise of re- 
search because we accept its importance. 
We are here rather to discuss a particular 
method of supporting research. Although 
the increase in the number of industrial 
workers since the turn of the century has 
been enormous, the increase in the per- 
centage engaged in research has been much 
greater. Even greater than this has been 


* Presented at a meeting of the Graduate 
Division at the Annual Meeting of the 


ASEE, Seattle, Washington, June 23, 1950. 
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the increase in the number of word 
written and spoken in groups discussing | 
research. 

The development of modern methods of | 
communication, particularly the scientifi 
and engineering journals, have removed 
the conditions faced by primitive ma 
when the same experiments were repeated 
by different individuals because the one 
did not know what the other was doing. 
Repetitive experiments are useful in 
teaching but they are not research. 


Competitive and Cooperative Research 


Some research has been and must neces- 
sarily be restricted in the distribution of 
its benefits, because it is intended t 
give one group, either industrial or m- 
tional, a competitive advantage, but ! 
feel that this type of research has » 
place in the university and we are ds 





cussing today a cooperative problem 
rather than a competitive one. This prt | 
ciple of cooperation can guide us in tht/ 
type of research program which shoul 
be supported at the university by outside! 
assistance. Webster defines a Universi |) 
as “an institution organized for teachimy | 
and study in the higher branches @ 
learning.” Here the word “study” 3) 
synonymous with research. An edutt | 
tional institution that does not supp0 
research is not a University. This} 
generally admitted. What is not so g@ 
erally agreed is that the expenditure # 
effort on the part of the staff and 
financial support for research ought ¥ 
be comparable with that for teachilt 
As a result Universities have found! 
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necessary to depend to a large extent 
upon outside support in order to main- 
tain an adequate research program. Much 
of this support has come in the form of 
industrial fellowships or in fellowships 
associated with research projects under 
government sponsorship. 


Purpose of University Research 


The purpose of University research is 
three-fold : 


(1) to advance fundamental knowledge. 

(2) to train research workers. 

(3) to vitalize both graduate and un- 
dergraduate teaching. 


We also recognize that there are four 
types of research organizations : 


(1) industrial. 

(2) government. 

(3) independent research institutes. 
(4) universities. 


If we are to be cooperative rather 
than competitive I feel each group should 
recognize its own purpose and responsi- 
bilities. There are certain types of re- 
search which can best be done in the 
University and other types which can 
best be done in other types of organiza- 
tions. The University should not try to 
set up a replica of the industrial labora- 
tory, nor should its projects be merely 
the overflow which industry does not have 
the time or interest for itself. Certainly, 
in the field of education, the University 
recognizes that there are certain prin- 
ciples and methods of thought which it 
ean teach best and there are other areas 
of knowledge which the individual can 
learn best on the job, and it guides its 
program accordingly. 

We should recognize that there is also 
a certain difference between science and 
engineering and within the University this 
must be kept in mind. I have suggested 
in other papers that the difference be- 
tween Science and Engineering is the dif- 
ference between Analysis and Synthesis. 
The scientist will want to know what 
Will happen if a certain physical com- 
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bination exists. Engineers want to know 
what combination should be assembled to 
make a desired result happen. This has 
led in the past to the feeling that the 
pure science departments in the Univer- 
sity, such as Physics and Chemistry, 
should do the fundamental research on 
the nature of the physical world, while 
the engineering departments should con- 
fine their attention to the application of 
these principles to practical devices. I 
believe this concept has had a most steril- 
izing influence on Engineering education. 
Under its influence, basic research in many 
institutions (perhaps most) was left to 
the science departments but applied re- 
search, because it could be done better in 
many ways in industry, moved out into 
the commercial laboratories. Thereupon 
the engineering departments settled down 
to teach but not create, and research in 
the engineering schools declined to a low 
ebb. Unfortunately such a condition is 
degenerative, because if little research is 
done, the ability to do it atrophies, and 
the limited funds available for research 
in the universities are diverted to other 
fields. This also causes, in turn, the 
value of advanced degrees in engineering 
to depreciate, and the industrial and gov- 
ernment laboratories themselves recruit 
their research workers for the applied or 
engineering fields from the science depart- 
ments. During the war, when daring and 
ingenious applied research was needed 
for war developments, the available 
sources for personnel of sufficient train- 
ing were limited and lay in the fields of 
pure science. 

The opportunity for the development 
of a strong and virile research program 
in the engineering departments therefore 
lies in basic research. Because the fron- 
tier of science is so broad, we engineers 
should be advancing on a multipronged 
frontier and not crawling up behind the 
spearhead being pushed by the physicists 
and chemists. By its very nature, physics 
throws most of its energy and personnel 
into an attack in a limited number of 
directions at a given time. At present 
the emphasis is on nuclear physics, 
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Sometime ago it was on spectroscopy and 
quantum mechanics. Actual research pro- 
grams should be determined by fields of 
interest, and the contribution which a 
given background can make to new prob- 
lems. Because of his knowledge of, and 
driving interest in, circuits and electron- 
ies, the electrical engineer should be best 
equipped to study such areas as acoustics 
and vibrations of all kinds, electron and 
ion dynamics, electromagnetic field prob- 
lems, measurements in general, digital and 
analog computers and so forth. In turn 
the mechanical engineer is interested in 
heat flow and energy conversion; the 
aeronautical and hydraulics engineer in 
fluid mechanics and the metallurgical en- 
gineer in the physics of the solid state. 
These provide a host of fundamental 
problems which the engineer can and 
must solve, for the physicist and chemist 
are engaged elsewhere. I feel strongly 
that this is the opportunity and mission 
of University research, whether supported 
by internal or external funds. 


Sponsored Research and Faculty 
Interests 


In general, research projects should 
be originated by the staff who are to do 
the work. This is particularly true of 
basic research. Self generation is some- 
times difficult in the early stages of 
building up a research program, but 
should be developed as the staff matures. 
Research begets research and a staff 
which does not generate more projects 
than it can handle should be looked on 
with suspicion. We feel, therefore, at 
the University of Illinois that programs 
sponsored by industrial and government 
sources should be built around the in- 
terests and competence of those leaders 
on the faculty who will direct the pro- 
gram. However, in order to be the coop- 
erative venture it shoul be, this indicates 
our faculty in turn should be kept con- 
stantly aware of the state of the art and 
the needs of industry and government. 
On the one hand we do not feel it de- 
sirable to bring in industrial contracts 
just because an outside organization has 
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something they need done, and on the 
other hand we recognize that only if in- 
dustry and government are interested can 
we secure adequate support. We hope, 
therefore, by discussions such as this and 
by other means of liaison we will get 
to know our mutual problems better and 
can continue to work out programs of 
common interest. In the selection of 
projects negotiations with sponsors are 
sometimes difficult, but sponsors will ree- 
ognize that they will get the best results 
if there is a real enthusiasm and con- 
petence on the part of the worker in the 
area to be investigated. 

In a University research program, 
projects should also produce theses for 
graduate students. Worthwhile programs 
are so expensive that it is generally neces- 
sary for the students to integrate their 
theses problems into the general research 
program adopted for the department. 

One of the greatest opportunities of 
University research is the development 
of programs involving cooperation be- 
tween two or more departments and out- 
side organizations. The University has 
an advantage over almost all industrial 
laboratories in having on its campus ex- 
perts in many fields. Engineering in- 
volves both men and materials, and the 
psychologists, the physiologists, medical 
men and others can give cooperation u- 
obtainable in industry. The interchange 
of ideas among departments and in tum 
with industry fertilizes the minds of all 


the groups participating and I recom- | 
mend more and more of this type of ac | 


tivity. 
It is axiomatic that routine testing and 


pot-boiling projects should not have 4 | 


part in the basic research program of 
any university, although they may & 
necessary in special cases to win friends 
and influence people. 

Most important of all in a research pro 
gram is the selection and development of 
the personnel involved. Naturally they 
must have a creative imagination. Bu 
contrary to popular opinion, the researt 
worker in the University should also like 
people. He must be able to work wilh 
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his associates, particularly students. The 
full-time or permanent staff should be 
stimulating to graduate students and able 
to develop in them both the spirit and 
method of research. In the university 
the production of virile research workers 
is more important than the research itself, 
but it cannot be done by routine teaching 
methods. It must be done by actual re- 
search programs. 

It is generally recognized that the 
future of industry depends greatly upon 
good fundamental research. Even more, 
the strength of our nation depends upon 
this. In the past, universities have re- 
ceived much of their support from the 
contributions of individual benefactors. 
This source has largely disappeared. The 
support of undergraduate teaching may 
be continued on the basis of existing en- 
dowments and on state revenue but the 
training of research workers will depend 
largely upon the support through indus- 
trial fellowships and research programs 
supported by industry and government. 
The increased interest in graduate work 
has resulted in a large increase in en- 
rollment of graduate students in the En- 
gineering field. At the same time the cost 
of doing worthwhile research has in- 
creased astronomically. I feel, therefore, 
it is the duty of industry, and, in fact, 
to their own interest, to increase the 
support of industrial fellowships not only 
by increasing their number but also by 
increasing the auxiliary support necessary 
to supply research workers with equip- 
ment and shop help. This is largely done 
through the medium of cooperative re- 
search programs which are a large part 
of our program of industrial fellowships. 

I feel, moreover, that industry should 
speak up in its support of research and 
its necessary companion, graduate work. 
We have had, in the past, a situation 
where many organizations who advertise 
their own research programs, simultane- 
ously send out personnel recruiting agents 
who advise the most competent graduating 
Seniors to come directly with their com- 
pany and not to continue their graduate 
work. At the same time an examination 


INDUSTRIAL FELLOWSHIPS FOR GRADUATE STUDY 


511 


of the technical publications produced 
by the staff of these same companies, 
shows that the men who are producing the 
really new ideas, have been recruited from 
those with advanced degrees. This in- 
consistency has been a real problem to 
face in many Engineering colleges. 


Sources of Industrial Fellowships 


Most support of industrial fellowships 
at universities has come from a relatively 
small number of large organizations. It 
seems desirable to develop more coopera- 
tion with small organizations. In the 
past, where such cooperation has been 
developed, it has been largely through 
the medium of trade associations who col- 
lectively can recognize basic research pro- 
grams which the individual company can- 
not support alone. This type of operation 
has been so successful in a few cases 
that it is hoped it will extend to others. 

Cooperative programs of research have 
another stimulating effect on an industry 
or section thereof. The most progressive 
students tend to look around the uni- 
versities and judge for themselves what 
the most active fields are. True, this 
may be an inadequate picture, but it hap- 
pens nevertheless. In turn they are apt 
to choose such an area of activity for 
their own work and seek employment 
there when they graduate. Those areas 
which are not represented in University 
research tend to be avoided by the best 
students when they graduate; even by 
those who leave at the end of the bachelor’s 
degree. Therefore, it is to the self in- 
terest of those sections of industry which 
can benefit from good engineering gradu- 
ates to see that their field is represented 
in the research activities on the campus. 

One problem which used to give some 
difficulty, but which I believe is now dis- 
appearing, is the right of the university 
research worker supported by industry 
to publish his results. One who hides his 
light under a bushel gives no illumina- 
tion, and the man who does not publish 
has not completed his research. There 
may be some justification for withholding 
the results of research in the case of in- 
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dustrial companies or where military prob- 
lems are involved, but this should have 
little place in the university in times of 
peace, and I feel that restrictions by in- 
dustrial sponsors should never be made. 

The relatively large research programs 
now being conducted in the universities 
are supported largely from government 
sourees. Support from a limited number 
of sources is always dangerous to the 
university because of the reductions neces- 
sary if such support is withdrawn. This 
in turn may place undue pressure upon 
an individual department, or university, 


to accept undesirable programs in order 
to avoid and maintain continuous opera. | 


tions. We hope, therefore, that more and 


more support will come from industrial 


sources commensurate with the distribu. 
tion of the total economy. 

Upon the success of the university re. 
search program the ultimate success of 
industrial and government research will 
be founded because we must supply the 
personnel. We are not competitors, but 
co-workers. We must work together asa 
team in one of the most important of 
all human endeavors. 


Summer School 


Humanistic Social Division 
June 21-23, 1951 


The Humanistic-Social Division of the 
ASEE is now making plans for its sum- 
mer school to be held at Michigan State 
College in June immediately preceding 
the regular meetings of the Society. The 
summer school will be held June 21, 22, 
and 23rd, and the Divisional meetings 
of the regular session will be on June 
25 and 26. Anyone interested, therefore, 
ean attend both the summer session and 
the regular Division meetings in a period 
of six days. 

The past two summer schools have been 
devoted to consideration of the general 
problems involved in planning, develop- 
ing, and teaching courses and integrated 


sequences in the humanities and social 
sciences to students of science and engi- 
neering. All of those who have attended 
have felt that this interchange of ideas 
and discussion of common problems has 
been well worth while, and it is hoped 
that this year’s session will be as valuable 
as the past two have been. 

All members of the Society are cor 


dially invited to attend any or all of the | 
summer school sessions and to participate | 


in the discussions. Anyone who is inter 
ested in attending or who has a problem 
he would like to present is urged to write 
to Dr. John W. Shirley, North Carolin 
State College, Raleigh, North Carolins 
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General Industrial Practice Regarding 
: Fellowships* 


By MARTIN J. BERGEN 
Chief Draftsman, E. I. du Pont de Nemours § Co., Inc., Wilmington, Delaware 


Foreword 


This paper is an attempt to give the 
facts with regard to Fellowships, as they 
pertain to present general industrial 
practice. Therefore, the paper does not 
represent the practice or thinking of any 
one company. 

It is not recommended that present Fel- 
lowship practices, which are in use be- 
tween companies and universities, should 
be changed, because it will be found, upon 
examination, that such companies which 
have been progressive enough to institute 
Fellowships are providing the major 
support to the Fellowship program. 

Should the facts which are contained in 
this report be applied primarily to the 
development of new Fellowships with 
companies which do not have such uni- 
versity affiliations now, the income de- 
rived from such increased use of Fellow- 
ships might readily run to ten or more 
times the present income derived from 
Fellowships. 


Present Industrial Practice 


In this paper on Industrial Fellowships 
for graduate studies, it is my job to pre- 
sent the industrial practice at the present 
time. It can be stated with a fair de- 
gree of accuracy, after studying the situa- 
tion, that there is no coherent and unified 
industrial viewpoint that can be pre- 
sented. However, certain facts which 
may be of interest can be presented, and 





* Presented before the Division of Gradu- 
ate Studies at the Annual Meeting of the 
ASEE, Seattle, Washington, June 23, 1950. 
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probable trends can be examined, which 
may lead to an eventual crystallization 
of an industrial viewpoint which can be 
co-ordinated with the viewpoints of the 
universities and government. 

It is only fair to state that there seems 
to be a definite underlying trend toward 
fundamental research in the universities 
under Fellowships granted by Industry 
without any, or with very few, restric- 
tions being placed upon either the uni- 
versity or the Fellow in choice of field. 
In addition, this trend indicates that 
such fundamental research should be pub- 
lished and be added to the body of knowl- 
edge available to all. 


Course Pursued in This Study 


An examination of the literature in this 
field showed that the written material con- 
cerning Fellowships was in the shape of 
articles in the Engineering magazines and 
reports from the National Industrial Con- 
ference Board, National Research Coun- 
cil, and other sources interested in re- 
search. This material was studied exten- 
sively. In addition, quite a few letters 
were written to responsible men in vari- 
ous companies in order that amplifica- 
tion of this published material, from 
specific company points of view, might 
serve as a better background for this 
report. 


Historical and Comparative Background 


Let us briefly look at the back- 
ground underlying the Industrial Fellow- 
ship system. We find that the Fellow- 
ship system is less than 45 years old. It 
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was started with a very modest grant of 
$500.00 in the chemistry department of 
the University of Kansas in 1907. Since 
that time it has grown, so that the order 
of magnitude of the dollar value of the 
industrial Fellowship system is around, or 
slightly better than, two million dollars 
a year at the present time. Let us ex- 
amine the relationship between this pres- 
ent expenditure for Fellowships and the 
expenditures in some other fields with 
which Fellowships might be compared. 

In order to do this, we will have to ex- 
amine the several phases of industrial re- 
search. Examination shows that, on a 
national scale, industrial research is a 
huge business undertaking, involving the 
expenditure of more than a billion dollars 
a year. Looked at from another point of 
view, industrial research employs ap- 
proximately 200,000 people in the United 
States. 

There are two divisions of industrial 
research that should be examined more in 
detail. 

One division is composed of the re- 
search performed by the tax-paying com- 
mercial consulting research organizations. 
There are approximately 300 such or- 
ganizations in the United States, many of 
them with specialized facilities in par- 
ticular fields of technical research. On 
an order of magnitude basis, these re- 
search companies are doing approxi- 
mately 40 million dollars worth of busi- 
ness a year and are employing approxi- 
mately 4000 people. 

The other division comprises the re- 
search performed by the non-profit re- 
search institutes, such as Battelle Memo- 
rial Institute and Mellon Institute. We 
find these institutions are doing approxi- 
mately the same amount of business as 
the commercial research organizations. 

In addition, we have the research done 
in the colleges and universities under 
Fellowships and industrial grants. Data 


obtained for 65 reporting colleges and 
universities, for the period at the end of 
the war, showed that the total of the in- 
dustrial grants for research for these 
65 schools was 25 million dollars. Of this 
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amount, Fellowships represented only 


two per cent or approximately 4% million 
dollars. By expanding these figures ste- 
tistically, it is estimated that the proba- 
ble total received by grants for research 


in all forms by the colleges and univer. [ 


sities was between 75 and 100 million 
dollars. Of this sum only two million 
dollars was allocated for Fellowships. 


Significance of the Use of Fellowships 
From the above data, it is apparent 


that, in the use of Fellowships, we have | 


an activity for which, it is estimated, 


only two million dollars a year of indus- 


trial money are spent, as compared with 


the total industrial research activity of | 
the United States, in which well overa | 


billion dollars a year are spent. Sinee 
this is the situation, one might readily 
ask, “why should there be any great 


amount of significance placed on the Fel- | 


lowship situation from the industrial 
viewpoint?” 

Now, the Fellowship situation is im- 
portant for these reasons: 

1. Industry has realized for a long time 
that the supply of competently trained 
research men, who are receiving researeh 
training in formal fashion from the edl- 
leges and universities via graduate work, 
has been insufficient to man the growing 
industrial research organizations. This 
demand is mainly satisfied, at present, by 
Doctors, Masters, and Bachelors who are 


graduating in increasing numbers. Many 
of these men would like to get further | 


training in research. 

2. There has been a growing apprecit- 
tion in industry that industry has a re 
sponsibility to assist in the additional 


research training of such men, by provid- | 
ing funds to enable such training to go | 


on. However, it can be seen that the 


training under Fellowships alone would | 


never begin to satisfy even a replace 
ment demand that industrial researed 
organizations have at the present time. 
3. An examination of the wide diversily 
of the use of Fellowship plans by differ 
ent companies and in different univers 
ties, shows pretty conclusively that indi- 
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vidual industries define the mechanism of 
the Fellowship differently. This change 
of definition from industry to industry 
changes the meaning of the Fellowship, 
in each ease, as it pertains to: 


(a) Industry 
(b) The University, or 
(c) The holder of the Fellowship. 


4, Partly, because of this fact, the Fel- 
lowship field has had very little indus- 
trial use. This applies with special em- 
phasis to medium-sized and small busi- 
nesses, which neither seek the use of the 
facilities nor the aid and counsel of the 
faculties of the various schools and uni- 
versities to the extent that they should. 

5. We find small businesses using Fel- 
lowships less extensively than big busi- 
nesses. If this condition is corrected 
in the future, it is believed that the rate 
of growth of Fellowships can be vastly 
increased. 

6. As a result of this probable increase, 
the Fellowship system may become an 
important adjunct in assisting the uni- 
versities to obtain the industrial support 
they need so badly, in order to continue 
as free institutions. 


Fellowships Defined 
Preliminary 


I have been talking about Fellowships 
without defining what they really are. 
In order to clarify the situation, let us 
see if we can determine what a Fellow- 
ship was at its inception, and what it 
still is, 

As we explore the situation, we will 
find many degrees of difference from 
the general definition. Some comments 
will be made about these differences, be- 
cause they point up differences in in- 
dustrial thought. 


Definition 


_ A Fellowship is a specific grant to an 
individual or group by a donor industry, 
or group of industries, carrying with it 
certain contractual responsibilities and 
tangible benefits to: 
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1. The industry or industries. 

2. The recipient or holder of the Fel- 
lowship. 

3. The scientific or educational insti- 
tution at which the Fellow will per- 
form his work. 


Most of the differences in various com- 
panies seemed to surround these con- 
tractual responsibilities. We find some 
industries exercising no control of, and 
receiving only indirect and long-range 
benefits from, their Fellowships, because 
they deem it best to allow the university 
to pick the Fellow, the field of research, 
and the problem. These industries share 
only indirectly, and on a long term basis, 
in the fruits of the research. Such an 
attitude is a splendid one to foster fun- 
damental research. 

Some corporations, however, use the 
Fellowship mechanism in a different fash- 
ion, modifying the contractual basis until 
the other extreme, detailed below, is 
reached. 

At this extreme we find companies 
using the Fellowship mechanism in one 
or a combination of the following ways: 


A. The company and the university con- 
sider that the Fellowship is a con- 
tract and that the university shall be 
responsible for the work done under 
the contract, to assist in the solution 
of such research problems as the com- 
pany has need to be solved. 

B. The company provides the necessary 
stipend to the Fellow and, in addi- 
tion, usually provides for certain 
other expenses, such as the cost of 
laboratory or other materials. 

C. Payments are also made to the uni- 
versity for the use of its facilities in 
connection with the working out of 
the research problems. 

D. Under the terms of the contract, the 
industry may have the right to desig- 
nate: 


(a) Whether or not the results shall 
be kept secret or divulged. 

(b) Who owns any patentable rights 

that are the outcome of the re- 

‘search. 
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(c) What disposition shall be made 
of the research results. 


E. In addition, some industries write 
further restrictions into the contract, 
such as: 


(a) The selection of the Fellow. 

(b) The Fellow’s responsibility to- 
ward the donor company after 
the terms of the Fellowship have 
expired. 

F. In some cases, some companies require 
or expect a Fellow to become one of 
their employees for a stated length of 
time. 


Discussion of the Different Points 
of View 


Now there is a vast difference between 
these two extremes of operation con- 
cerning Fellowships, and with such a 
range of choice, divergence of opinion 
grows automatically as time goes on. As 
a result, we find Fellowships incorporat- 
ing all possible combinations from one ex- 
treme to the other. Any industry has 
a perfect right to grant Fellowships on 
the basis that seems soundest to it, but 
this basis should be one which will foster 
the growth of fundamental research, and 
be instrumental in expanding the Fellow- 
ship mechanism to the degree needed by 
the universities. 

Should the other extreme, described in 
detail in A. to F. above, be considered 
by companies, which are not now using 
the Fellowship plan, as a valid indus- 
trial tool to expand their facilities, these 
companies should investigate the services 
of the Research Institutes, either those 
controlled by the universities, the inde- 
pendent non-profit institutions, or those 
which are operating on a commercial 
basis. 


Assistance to Medium and Small Indus- 
tries by Use of Industrial Fellow- 
ship in the Research Institutes 


There are a number of companies 
which today are very successfully using 
Fellowship programs. These companies, 
and the universities which are working 
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with them, have defined in what part of 
the range their particular definition of a 
Fellowship would and should lie. Noth- 
ing in this report should be construed 
as an attempt to change these successful 
and growing operations, because these 
companies and these universities (in each 
specific instance) have a pretty good 
understanding of their objectives. 
Companies (especially medium and 
small-sized companies) which are invited 
to embark on Fellowship programs can 
be assisted by the work of a joint com- 
mittee from industry, the universities, 
the Research Institutes, both commercial 
and university sponsored, and govern- 


ment. This committee would acquaint in- ; 


dustry in general with the general scope 
of Academic Fellowship requirements for 
fundamental research. 

In addition, the requirements, respon- 
sibilities, and rewards connected with In- 
dustrial Research performed in: 


(a) University Research Institutes, 

(b) Endowed Research Institutes, 

(c) Taxpaying Research Companies, 
and 

(d) Government Research Organiza- 
tions, 


can also be detailed by this committee. 

If this information is disseminated 
widely, many of the medium-sized and 
smaller industries will discover that they 
ean use these Industrial Research facili- 
ties to a much greater degree than they 
are now using them. 

For example, an industry using a Re 


search Institute would acquire the facts | 
pertaining to the method that the Re | 
search Institute would use in connection | 


with the research problem, which the i- 
dustry has to solve. 
turn, would acquire information as t# 
how the problem would be worked 0, 
who owned the property rights involved 
in the fruits of research, and all other 
pertinent facts concerning this research 

With companies becoming researél- 
minded by use of Research Institute fs 
cilities, the problem of getting them i 
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' terested in fundamental research in the 
universities, on the right kind of a basis, 
' should be easier to solve than it is at 
present. 

In quite a few cases, industries which 
are members of various Trade Associa- 
tions might profitably use the Fellow- 
ship vehicle through the Trade Associa- 
tion. An example of one of these organi- 
zations is the Foundary Educational 
Foundation. 


Points for Further Study 


We find, at the present rate of growth, 
that industrial Fellowships will probably 
increase in magnitude to approximately 
20 million dollars a year by 1960. It is 
evident that this rate of growth is insuf- 
ficient for present and future require- 
ments, and that it must be increased in 
order that the Fellowship program be- 
come an effective financial component, 
contributing to the support of the uni- 
versities. 

Therefore, the following points might 
be studied by the universities and indus- 
tries which are contemplating Fellowship 
plans: 

1. Universities should prosecute fun- 
damental research in science and engi- 
neering, in fields that they are now 
equipped for, and should acquaint 
medium-sized and small industries, not 
only in their own localities, but over a 
wider region, with their facilities for such 
fundamental research. 


aac 


The Civil Engineering Division of the 
ASEE will hold a conference of civil 
| engineering teachers at Michigan State 
College, June 23-25, 1951, immediately 
preceding the Annual Meeting. The pro- 
gram and local arrangements are being 
made by Professor C. O. Harris of that 
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2. These universities should obtain the 
necessary literature from the various re- 
search foundations, and commercial re- 
search organizations, describing Indus- 
trial Research in simple language. This 
literature should be placed in the hands 
of industries in the region of influence 
of the university. This will enable 
medium-sized and small industries to 
realize that they (the industries) can take 
advantage of the facilities the Founda- 
tions and Commercial Research organiza- 
tions have to offer. This, in turn, will 
make industry in the region research- 
minded, and should make them open- 
minded to becoming contributors to the 
universities for fundamental research, 
thereby assisting in the growth of such 
research. 

3. The officers of the universities should 
realize that there are many discoveries 
that will profit mankind and lead to fur- 
ther basic knowledge, by doing funda- 
mental research, on an unrestricted basis, 
for smaller industries. Also, the uni- 
versities will assist the smaller industries 
of the communities of which the univer- 
sities are an integral part. 

4. As a result of the above, and with 
an eventual increase in the number of 
Fellowships for fundamental research, 
more young men should be trained in the 
principles of research, so that the huge 
industrial research plant, mentioned 
earlier, may be effectively manned, and 
may continue to grow. 


Civil Engineering Conference 


institution. The program will include 
sessions on “Teaching as a Career”; 
“Teaching Techniques”; “The Value of 
Electives in a Civil Engineering Cur- 
riculum”; “Written Materials for Teach- 


ing.” 








Method is the Bond * 


By ALLEN GILMORE 


Chairman of Department of History, Carnegie Institute of Technology 


In this uncertain world of ours there is 
one conviction to which we all hold 
firmly: that there is a right way of going 
about a job. Whether you are an English 
scholar or a chemist, an historian, mathe- 
matician, or electrical engineer your craft 
has established, more or less clearly, and 
practices a technique or set of skills, a 
method about which there is no funda- 
mental difference of opinion. A good 
professional performance is recognizable 
as an example of method in action: it is 
orderly, it is controlled, it has a quality 
of rigor and demonstrability. Further- 
more, and on this everything depends, 
the essential characteristics of good per- 
formance in one field have much in com- 
mon with the characteristics of good per- 
formance in all fields. Method is the 
bond that unites the separate areas of 
human thought, interest, and action. 
Good method in mechanics is like good 
method in anthropology, economics, or 
chemistry. On the basis of this element 
common to all disciplines, integration in 
education may be planned and achieved. 

The case may be put more strongly: 
on this common element, because it is the 
only point of real community, integration 
must be based. There is no final agree- 
ment to be had in our day about the con- 
tent of knowledge. As to conclusions, 
not only in the fields of the humanistic 
and social studies but also more and more 
in the sciences, conviction is strong but 
diversity prevails. One man’s meat is 
another man’s poison. We may not agree 


* Presented at the Summer School of the 
Humanistic-Social Division of the ASEE, 
Seattle, Washington, June 24, 1950. 


with the empiricists and pragmatists who 
tell us this is as it must or should k 


but, if pressed, we must all confess tha | 
The search for} 
certainty and final answers has given way | 
almost everywhere to a more humble ani} 
tentative effort to discover an answe} 


this in fact is how it is. 


that is relatively true, that is, all thing 
considered, the best or the most workable 
or the most useful in a particular set of 
circumstances. 
may no longer be said to exist, right ways 
of thinking do; and an education de 
signed to lead students to recognize ani 
to practice right ways of thinking in al 
their work will go a long way towarl 
being an integrated education. 


Dr. Jekyll and Mr. Hyde 


The fact that students do not pereeiv 
this bond of method between the variow 
fields they study explains a good deal d 
the disintegration in their education. [i 


gineering and science students (to takei{ “* 
niques. 


striking example) tend wrongly to r/ 
gard humanistic and social studies #/ 


fields in which disciplined mental pro| 


esses do not exist. In physics or m 
are unable to practice, controlled tet 
niques of analysis and rigorous methoi 
of thinking. In history or economics 
English, they are likely to say, it isd 
a matter of opinion anyway, and 
man’s opinion is as good as another 
They make up their minds in these field 
on the basis of hearsay, wishful thinkimg 


But while right answes) ™ 
plishment 


SE Sas 





authority, prejudice, or the latest sti 
circulating at the corner drugstore. b 
effect they split the unity of experiet 
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into two worlds which have little in com- 
mon: one, the world of nature, is orderly; 
the other, the world of man and society, 


' confused; one has discipline and method, 


the other has not. In this they reflect a 


| deeper disintegration which unfortunately 


seems to be one of the main characteris- 
ties of our culture. Dr. Jekyll builds 
bridges, discovers miracle drugs, and ex- 


' plores nuclear energy with precision and 


with striking success, while Mr. Hyde 
rows with his wife, goes out on strike, and 
drops atomic bombs. And in doing these 
things Mr. Hyde is characteristically con- 
fused and unhappy, his action fumbling 
and disordered. 

In part this schizophrenia is a result 
of exaggerating the achievements of sci- 
ence and technology while underestimat- 
ing those of the humanistic and social 
studies. In part it is a consequence of 
misunderstanding the nature of accom- 
For science has 
not found and no longer expects to find a 
set of right answers, as students and the 
public too often think. Science is rather 
a way of doing things, a way of be- 
having. And in history (to take an ex- 
ample from the so-called non-scientific 
area) the same is the case. An historian 
is not someone who accepts a particular 
set of propositions about the past; rather 
he is someone who acts like an historian, 
who applies in a particular area of human 
experience certain methods and_tech- 
niques. His answers may not be final, 
and certainly are not simple or express- 
able in neat mathematical terms, but the 


as disciplined, as rigorous, and as con- 
trolled as those of a physicist. 
If one attempts to name the baby, to 


| State explicitly in terms as fundamental 


and simple as possible what these pro- 
cedures are, the unity of all good think- 
ing becomes apparent. In emphases, in 
particular skills refined in one field or 
another for special purposes, the dif- 
ferences are many and they are impor- 
tant; but in the main good method in one 
Profession involves the same mental 
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processes, going in an orderly way 
through the same steps of analysis, taking 
the same precautions, as good method in 
all others. Alfred North Whitehead has 
said that the great invention of the 19th 
century was the method of inventing. 
Engineers and scientists refer to the same 
thing when they speak of a method of 
problem solving. One statement of the 
essential elements involved in such a 
method begins by insisting on the identi- 
fication and definition of the problem to 
be solved. Other elements are the formu- 
lating of a plan of solution, the execution 
of the plan and, finally, the checking of 
the whole, learning and, if possible, gen- 
eralizing from the process. 


Implementation—an Example 


In order to make clear how I believe 
an integration based on method is pos- 
sible between the humanistic and social 
disciplines on the one hand and the 
scientific and technical on the other I 
would like briefly to describe a freshman 
history course planned with these ideas 
in mind. The course is required of all 
freshmen at Carnegie Institute of Tech- 
nology, meets in small sections three 
times a week through two semesters, and 
is the introductory element in a four- 
year social relations program. What is 
peculiar about history (at least for the 
purposes of the program under considera- 
tion) is that it deals with human experi- 
ence as a totality and takes account of 
the past. This being so, the objective of 
this freshman course is to develop in the 
student the ability, the habit, and the de- 
sire of thinking and acting in this broad 
area in a critical and controlled way. 

It is necessary that history teachers 
in engineering and science colleges face 
squarely the fact that their students will 
always be amateurs in history. In other 
institutions it is possible (I am afraid it 
is even usual), for history courses to be 
taught on the assumption that the good 
student is going to grow up to be a pro- 
fessional historian, a replica of his 
teacher. As a consequence, what is use- 
ful is takén as what is useful to the prac- 
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ticing historian, which too frequently 
turns out to be the gathering of a quan- 
tity of information about the past. 


Clearly, such information is not in itself — 


of value to the engineer or scientist. 

The content of the freshman history 
courses at C.I.T. is therefore limited by 
conscious decision. Knowledge about the 
past is considered a means to the attain- 
ment of the main objective, and not an 
end in itself. The great principle is: 
there is nothing that can’t be left out. 
It follows that what is included as subject 
matter is there for a purpose: because it 
is fundamental to later learning in the 
course or in other courses, or in after- 
life. The course deals with the develop- 
ment of western civilization, but it is 
not a survey, and the effort is to leave out 
rather than to put in (or “cover’) as 
much as possible. The major criteria for 
selection or rejection are two: First, that 
it be possible for the student to put to- 
gether a coherent account of the growth 
of our culture with a sense of the long- 
term flow and connectiveness of the past; 
and second, that, where possible, mate- 
rial be chosen to develop a _ general 
breadth of cultural awareness. Any par- 
ticular event of the Italian Renaissance 
that you wish to name may be omitted, 
but the student should know what the 
term has come to mean, and he should be 
able to place the period in the course of 
western history as a whole. 

In order to design a course that aims 
to teach good thinking it is necessary 
to consider the point of departure. Our 
freshmen are not, I imagine, very dif- 
ferent from freshmen anywhere. Their 
thinking habits in areas related to the 
activities of human beings in society are 
atrocious. They make snap judgments 
that are rashly oversimplified on the 
“either .. . or” principle: all good or all 
bad, all right or all wrong. They make 
use of elaborate metaphors (like the 
“eold war” or “the birth of the United 
States”) with little or no concern for 
the literal reality. They are easily moved 
by emotion and by strong but often un- 
perceived bias. They accept too readily 





METHOD IS THE BOND 





a simple authoritative assertion, esp. 


cially if it be in print. To them th 
world of human and social action is fig 
and two dimensional, like the world of, 
comic strip; a situation-is simply ther 


and the possibility of analyzing it, of 


seeing it in depth as a part of an under. 


standable process, does not occur to them, f 
Furthermore, they are content with this | 
In their minds analytical thinking ani’ 


disciplined methods simply do not exis 


in this area—in the world of nature, yes; 


in the world of man and society, no. 


This being the case, it was necessary} 
for the staff of the course in question tp} 
decide what were in fact the essentials o | 
good method in this area. In order toto} 
this the instructors endeavored to deserile | 
their own mental operations when as gool} 
historians they were dealing with a prbf 


lem. The objective of the course it wa 


decided on the basis of this statement) 


was to train the student to perform thes 
operations when presented with a situ 
tion involving human beings in society. 
The following formulation was tents 
tively agreed upon: first, establish point 
of view; second, use evidence; third, fr 
in time and space; and fourth, relate to 
total situation. It is understood thi 
these four operations are not necessatil 
or even normally performed in the orde 
given; one must move backward ail 
forward from one to the other free 
and frequently. 


Students Learn by Doing 


Establishing the point of view & 
braces the idea of formulating the que) 


tion to be answered, stating the fram 
of reference in which the investigation 
to be made, and in general deciding wi 
is important. 

The next two operations are parté 
the traditional methodological training 
historical investigation. The techniqu 
of discovering, selecting, evaluating, # 
presenting evidence and of making ® 
of geography and chronology are 0 





paratively well known and have been d+ 
veloped to a stage of disciplined et 
eal maturity. In these matters the bt 










torian, I 
of any | 
what he 
Too ofte 
dence a! 
thought 
the whol 
employe 
ing only 
such ope 
and foll« 
ing to t 
By th 
learning 
vious mé 
significa: 
This pr 
attempt 
partieul: 
totality « 
investiga 
In ord 
dent mu 
above al 
informat 
objective 
critical 
sional hi 
telligent] 
beings in 
skills wil 
gineer a1 
to live h 
person. 
the same 
velop in 
In pt 
above, it 
himself 
It is not 
formance 
liant, or 
requisite 
must do 
therefore 
student « 
examples 
from the 
lustrate | 
The fi 
Ruth Ber 
aim was 





Nn, espe. 
them the 


on is flat} 


orld of 
ply there 


ig it, off 


in under. 


* to them | 


with this, 


king and © 
not exis | 


ture, yes; 
no. 
necessary 


nestion to | 
entials of 
‘der to di} 
o describe | 
n as gool | 
h a proby 
‘se it wa! 
statement | 


orm thes 
1 a situ 
n society. 
as tenta- 
lish point 
third, fix 
_ relate to 
tood that 
recessarily 
the orde 
ward ani 


rer free 


ng 


view a} 
the que} 
the fram) 


tigation i 
ding wht 


e part ¢ 
raining ¢ 
techniqu 
ating, a 
\aking 

are col 
e been é# 
ined cit 
rs the bit 













METHOD IS THE BOND 


torian, rightly, considers himself the equal 
of any physicist or engineer. He knows 
what he is doing and he can prove it. 
Too often, indeed, the skills of using evi- 
dence and fixing in time and space are 
thought of by professional historians as 
the whole story. Actually they are never 
employed in a vacuum, but have mean- 
ing only when they are preceded by some 
such operation as the one described above 
and followed by what I have called “relat- 
ing to the total situation.” 

By this last is meant a checking and 
learning process, a review of all pre- 
vious materials and steps to make sure no 
significant element has been omitted. 
This process will involve, above all, an 
attempt to establish the relevance of the 
particular subject in question to the 
totality of human experience, to place the 
investigation in its context. 

In order to employ these skills the stu- 
dent must have certain information and, 
above all, he must know how to acquire 
information. It remains that the basic 
objective is to train students to use the 
critical skills characteristic of profes- 
sional historians as a basis for acting in- 
telligently in matters concerning human 
beings in society. The possession of these 
skills will make the engineer a better en- 
gineer and will at the same time help him 
to live his life well as a citizen and as a 
person. And they are fundamentally 
the same skills that he is trained to de- 
velop in science and technology. 

In pursuing the objective sketched 
above, it is important that the student 
himself perform the desired operations. 
It is not enough that he witness a per- 
formance by his instructor, however bril- 
liant, or be given a description of the 
requisite skills, however, elaborate. He 
must do it himself. It was necessary, 
therefore, to plan exercises in which the 
student operates as an historian. Two 
examples, one from the first and the other 
from the sixth week of the course, will il- 
lustrate how this was done. 

The first reading assignment was in 
Ruth Benedict’s Patterns of Culture. The 
aim was to impress upon the student the 
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idea that culture is an integrated whole, 
and to lead him to see some of the tech- 
niques used for its analysis. Thereafter, 
the students were assigned Tacitus’ On 
the Germans. No effort was made to 
learn in particular what he said about the 
Germans. Instead, his work was taken 
as an opportunity to apply to a particu- 
lar society the general approach of Ruth 
Benedict. The specific student exercise 
was simply to answer the question, did 
Tacitus know what he was talking about? 
Discussion of the answers to the question, 
which were submitted in writing and sev- 
eral of which were read aloud, concen- 
trated on Tacitus’ proximity to the sub- 
ject he was describing. From the text 
it could be established that he had prob- 
ably never been in Germany, that his 
sources were questionable, and that he 
had an ax to grind. The students pro- 
gressed from original answers based upon 
guess and opinion to sound deductions 
from statements in the text. 

A somewhat more complex operation 
was performed by the students in the 
sixth week of the course in connection 
with the period of the Italian Renais- 
sance. The assignment was to read selec- 
tions from Cellini’s Autobiography and 
Machiavelli’s The Prince and to examine 
an exhibit of the art of the Italian Ren- 
aissance arranged by the department for 
this unit. Each student was asked to 
find four particular instances—one from 
Cellini, one from Machiavelli, and one 
from each of two paintings—such that a 
single statement about them could be 
made. After that he was asked to make a 
further statement relating these four in- 
stances to the period of the Renaissance 
in Italy as a whole, in other words to 
make a generalization. 

Several students, for instance, noticed 
that Cellini sculptured, the figure of a 
Greek god, that Machiavelli referred fre- 
quently to the Roman emperors, and that 
Dorie columns and pediments appeared in 
the paintings. All four instances related 
to classical antiquity. Some concluded, 
rashly, that all the people of the Italian 
Renaissance were dominated by the ideals 
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of the ancient world. Others, with 
greater caution and better discipline, 
said that in the cities at any rate the edu- 
cated classes were interested in classi- 
cal culture. From this example, and 
others which the students ingeniously dis- 
covered, the factors which limit generality 
were explicitly stated and considered. 
They learned that a particular case must 
be understood in its context; and that in 
generalizing they were in fact asserting 
that certain groups existed with common 
characteristics and that some members of 
these groups could be taken as typical 
of the whole. 
Planning is Essential 

It is apparent that exercises of this 
sort which the student performs must be 
planned in such a way that they lie well 
within the compass of his ability so that 
he ean see their purpose and gain con- 
fidence in his own powers. Earlier exer- 
cises must, therefore, be highly refined and 
deliberately simplified. Particular skills 
must recur frequently so that the stu- 
dent by repetition will come to possess 
the habit of their use. Gradually the ex- 
ercises may be elaborated, new skills in- 
troduced, several operations required in 
a single performance, so that in the end 
the student is able to stand independently 
and face a problem alone in all its com- 
plexity. 

The sequence of the exercises within 
the term is worked out on the basis of a 
twofold plan of study. This plan of 
study is, on the one hand, an outline of 
the content of the course, dealing with 
western civilization and divided for con- 
venience into a series of units. On the 
other hand, the plan of study is an out- 
line of methodological skills arranged in 
a teachable sequence. In connection with 
each unit of work the staff agrees upon a 
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minimum content which the student wil 


be required to know, and upon an opera. | 


tion (or several operations) he will be re. 
quired to perform. The procedure in the 


’ elassroom then, in summary, is to em. 


ploy the material described above in sud 
a way that the student acts himself in, 
critical and controlled manner in regard 
to historical subjects. 

Our plan is to take the student from 
his customary seat in the theater and lead 
him behind the scenes. Instead of wateh. 
ing a finished performance, we assist him 
in putting on a show of his own. We 
want him to be not simply a passive 
critic, however facile and knowledgable, 
but a seasoned member of the troupe who 
understands the whole mechanies of gooi 
production. Behind all the variety of 
shows from Broadway to the one-night 
stand we want him to see the commm 
pattern of thought, and plan and trained 
analysis by which the professional job is 
distinguished from the amateur. 

It should be emphasized in conclusion 
that this type of history teaching is in 
tegrated with the teaching of science and 
technology. The ability to make intell- 
gent judgments is essential to good per- 
formance in each of these fields, and the 
criteria of intelligence are fundamentally 
the same. Hence, what a student does 
the courses in one field reinforces and de 
velops his capacity in the others. Wei 
history are most concerned that he shouli 
come to see that there is an orderly, 
analytical way of proceeding in the fieli 


of social relations, and that he shouli | 
acquire the ability, the habit, and the de | 


sire to use it. He should realize thats 


good professional method is the bon | 


uniting all areas of disciplined humm 


achievement, and he should come to p& | 


sess that method. 
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A Study of Persistence and Performance of 
Engineering Students at the University 
of Washington* 


By E. R. WILCOX 


Executive Officer, Department of General Engineering, University of Washington 


A discussion of our relations with sec- 
ondary schools, and of the performance 
of their output which is our input, may be 
approached from several angles. The 
approach for this presentation will be to 
outline briefly the development, at the 
University of Washington, of coordina- 
tion and selection procedures with the 
surrounding high schools, and then to 
present comparative data on the persist- 
ence and performance of students enter- 
ing from high school and also of those 
entering by transfer from other colleges 
including those from our own College of 
Arts and Science. 

For many years the faculty of the Uni- 
versity had a standing committee on sec- 
ondary schools and colleges, one or two 
members of which were from the College 
of Engineering. Three years ago the 
President of the University created the 
Office of High School Student Relation 
and Orientation under a director, Mr. 
Harold Adams, who has taken over the 
work of the former committee. The di- 
rector together with the representatives 
from other colleges in the state upon 
invitation from the various high schools 
im our area spends much time the first 
part of each year conducting group voca- 


_ tional conferences and interviewing high 


school students who want to know what 
the various colleges have to offer in the 


* Abstract of a paper presented before 
the Committee on Secondary Schools ECAC 


a Annual Meeting of the ASEE, June 
50. 
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professions, the applied arts, and the arts 
and science fields. On many occasions an 
engineering representative goes with the 
group. During the spring term, the direc- 
tor with a few representatives from the 
larger schools and colleges of the Uni- 
versity upon request from the various 
high schools holds conferences with grad- 
uating seniors who are more directly 
concerned with how to gain admission to 
and how to get properly started in the 
college of their choice. So much for the 
general picture of our relations with the 
secondary schools. 


Selection of Engineering Students 


Now for a few statements of a more 
quantitative nature concerning selection 
of engineering students. During the 
twenties the College of Engineering ac- 
cepted all students from high school who 
met eur subject matter requirements and 
who had a grade point average of 2.0 
(C) or better. In 1938 the admission 
grade point was raised to 2.2 because it 
was found that there was a considerable 
grouping of students between 2.0 and 2.2 
most of whom did very poorly in their 
first year and therefore dropped out vol- 
untarily or by request. The raised en- 
trance requirement resulted in a 20 per 
cent decrease in enrollment for the fol- 
lowing year. In 1947 the requirement for 
admission from high school for both 
veteran and civilian was made 2.5. This 
was done because of space and staff 
limitatiofis in our college. At the date 











































































































A STUDY OF PERSISTENCE AND PERFORMANCE 
TABLE 1 
PERSISTENCE OF ENTERING ENGINEERING STUDENTS FROM HiaH ScHoou 
Based on Criteria of First Quarter Grades, Fall, 1947 
de Cri 
Ist Qtr. 2nd Qtr. 3rd Qtr. 2nd Year 3rd Year 
Completed Completed Completed Completed Completed 
No. of | Ist Qtr. 
Students | G.P.A. 
No. of | o& No. of Oo No. of o No. of % No. of | g 
Students} “ |Students| “ |Students| “ |Students| “ | Students} “ 
Ist Quartile | 51.5 |2.81-4.0] 50 | 97 48 | 93.5 46 | 89.4 44 |85.4| 39 757 
2nd Quartile] 51.5 |2.31-28] 50 | 97 49 | 95.1 45 | 87.5 39 175.7) 32 {62 
3rd Quartile| 51.5 |2.01-23] 50 | 97 49 |95.1 37. | 72.0 15 |29.1] 14 |279 Ist 
4th Quartile | 51.5 |0.00-2.0] 49 | 95 38 | 73.3 21 | 40.8 6 7 4 | 7 
Total 206 199 | 97] 184 |89.5| 149 |725| 104 |50.5} 89 433 
a) is 2 
of this writing the entrance grade point in on good grades earned on a standard 
is back to 2.2 and we are seeking for of performance which was considerably | 
students. lower than that of the Engineering Col- 
In order to have a comparison with a lege; consequently, when they met higher ard 
study which was made of the class which performance requirements they fell by 
entered in 1925 a study was undertaken the wayside. As you may guess, the 
of the persistence of the 1947 entering writer has some trouble getting rid ofa | 4th 
class of freshmen engineering students slight bias against the conviction thats 
based upon their first quarter college liberal arts course is always the bes 
grade point average. By persistence is preparation for entering upon an engi- 
meant the length of time that a student neering course of study. Total 
remains in our college. The students iesiiiaas ‘Rooult 
were divided into two groups, one (206 nalysis of Results ——— 
students) who entered direct from high Table I shows that about ninety per 
school, and the other (130 students) who cent of the first and of the second quat-§ still wit 
entered directly by transfer from other tile of the high school group based m mately 
colleges. Some of the latter were in- their first quarter G.P.A. finished the} and of t 
eligible to enter directly from high school first year with us, and that only forly§ based o; 
because of low grades but made satis- per cent of the fourth quartile survirel in schoo 
factory grades in another college, thus the full year. By the end of the thitl only fift 
gaining admission to our College of Engi- year about seventy-six per cent of th | tile sury 
neering. There being no law against first quartile remained while only abot) third ye 
this procedure, a considerable number got eight per cent of the fourth quartile wet} the firs 
nine per 
TABLE 2 : present. 
PERSISTENCE OF ENTERING ENGINEERING STUDENTS TRANSFERRING FROM OTHER COLLEGE | Bs an 
Based on Criteria of First Quarter Grades, Fall, 1947 AC “ 
Table 3 
1 : 2nd Qtr. 3rd Qtr. 2nd Y 3rd Year | ie 
a Conmleted P snd a Fi Compintes Completed : predictit 
Students | GPA. pe cutirely 
No. of % No. of % No. of % No. of % No. of | ¢ ceed bes 
Students | “ |Students| “ |Students| “ |Students| “° | Students} ~ fined ob 
1st Quartile 32.5 | 2.81-3.8 31 |95.5} 30 |922| 28 |86.1 26 | 22 |818 tion, Al 
2nd Quartile] 32.5 |2.11-28] 31 |95.5| 29 |89.1] 27 |83.0) 14 | 43.0 Pe 
3rd Quartile | 32.5 | 1.91-2.1 31 [95.5] 28 |86.1] 17 [52.3 8 | 24.6 5 je 3 neithe 
4th Quartile | 32.5 |0.00-1.9| 30 |922| 25 |77.0 5 |15.4 3 9.2 31" E objective 
Total 130 123 |94.6| 112 |86.3| 77 |59.3| 51 |394| 39 [MH ment te 
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A STUDY OF PERSISTENCE AND PERFORMANCE 
TABLE 3 
| PERSISTENCE OF STUDENTS ENTERING FROM HiGH SCHOOL AND OF 
TRANSFER STUDENTS, Fatu, 1947 
Criteria Based on A.C.E. Weighted Total Scores (Percenitles for U. of Wash. Freshmen) 
3rd Year 
sompleted Ist Qtr. 2nd Qtr. 3rd Qtr. 
ACE. Total Completed Completed Completed 
felon Weighted | Student 
idents | % to Sores | in of % No. of %, No. of o 
Poy Students ° | Students ° =| Students 7G 
ta let ist Quartile HLS. 73-99 | 40 | 40 | 100] 38 | 95 | 36 | 90 
‘ 12 Trans. 89-99 17 17 | 100 16 | 94 13 | 76.5 
89 |433 All-U 75-99 
2nd Quartile HLS. 63-76 40 40 100 37 92.5 35 | 87.5 
standard | Trans. 58-88 17 17 100 17 | 100.0 11 64.5 
siderably All-U 50-74 
ring Col- 
et higher 8rd Quartile HLS. 44-61 40 40 100 38 95 33 | 82.5 
+ fell by Trans. 35-57 | 17 17 | 100} 16 | 95 15 | 88.3 
Bray: All-U 25-49 
Tid ofsf = 4th Quartile HLS. 0-42| 40 | 40 | 100] 35 | 875| 34 | 85.0 
on that a Trans. 6-34 | 17 17 | 100 | 17 |1000} 11 | 64.5 
the bes All-U 0-24 
an engi- 
Total HS. 160 160 100 148 92.5] 138 | 86.3 
Trans. 68 68 100 66 97 50 | 73.5 
inety per 
ond quat-§ still with us. Table 2 shows that approxi- school grades in certain groups of sub- 
based © § mately eighty-five per cent of the first jects are a much better measure for pre- 
‘ished thf and of the second quartile of the transfers diction, according to Dr. August Dvorak, 
aly forly§ based on their first quarter G.P.A. were Director of Admissions Research at the 
2 survived in school at the end of the first year while University of Washington, who is making 
the thir F only fifteen per cent of the fourth quar- a study for the entire University of the 
nt of the | tile survived the year. By the end of the 1947 entering group. 
nly abot} third year about sixty-eight per cent of Finally a study of the quality of per- 
artile wet} the first quartile remained while only formance in terms of G.P.A. by quartiles 
nine per cent of the fourth quartile were for the first quarter in Engineering was 
present. made for each of the two groups (high 
- Conusas : A similar persistence study was made school and transfers). The high school 
with quartiles based on the weighted group practically all came from the up- 
_ AC.E. college aptitude test scores. per half of their high school graduating 
oat Table 3 shows clearly that this basis for class. Table 4 shows what percentage of 
Completed | predicting persistence in engineering is each of the four quartiles based on the 
—j entirely unsatisfactory. Students suc- first quarter G.P.A. came from the first 
No.of |« — ceed best who have the most clearly de- and the second quartile group of high 
Students | fined objectives and most active motiva- school graduates. 
22 i} tion. Ability to read or reason apparently From this data it is clear that a man 
5 jae % neither a measure of clearly defined in the first quartile of his high school 
__3 _|—§ objectives nor of motivation. Achieve- class has four out of five chances of plac- 
39 ment test scores combined with high ing in the top quartile of his college 

















TABLE 4 
lst QuARTER SCHOLASTIC PERFORMANCE, 199 
Hiex Scuoon Strupents, Fay, 1947 


Criteria Based on Quartile in High School 
Graduating Class 














High School Quartiles 
1st Quarter 
U. of W. G.P.A. 
Ist 2nd 
Ist Quartile 78% 22% 
2nd Quartile 50 50 
3rd Quartile 44 56 
4th Quartile 30.5 69.5 











group at the end of the first term com- 
pared to one chance in five for the man 
from the second quartile. Also the man 
in the second high school group has two 
chances in three of placing in the fourth 
grade point quartile compared with one 
in three for the man in the first high 
school group. Quite evidently this type 
of high school grouping in our area is 
significant only for forecasting the top 
and the bottom performers and does only 
a moderately good job in this respect. 

In order to compare the performance 
of the transfer students with that of the 
high school entrants the former were 
divided into upper and lower halves on 
the basis of their previous college G.P.A. 
Table 5 shows what percentage of each 


TABLE 5 


Ist QUARTER SCHOLASTIC PERFORMANCE, 116 
TRANSFER STUDENTS, Fat, 1947 


Criteria Based on Previous College G.P.A. 

















Previous College G.P.A. 
1st Quarter 
U. of W. G.P.A. 
Upper 50% | Lower 50% 
Ist Quartile 62% 38% 
2ndjQuartile 51.8 48.2 
3rd Quartile 48.2 51.8 
4th{Quartile 38 62 








of the four quartiles based on first quar- 
ter G.P.A. came from the upper and 
lower half of the transfers. Discrimina- 
tion between the two groups of transfer 
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students is not as marked as_ betwee 
those from high school. The top half of 
the transfers furnished nearly two-thirds 


slightly over one-third of the fourth quar. 


tile group. The second and third quar. } 


tile grade group came about evenly fron 


the upper and lower halves of the trans. | 


fers, paralleling almost exactly the per. 


formance of the high school group in this | 


respect. Nearly two-thirds of the fourth 
quartile grade group came from the lower 


half of the transfers. The fourth quar. : 
tile grades for both high school and} 


transfers were all below “C.” (See see. 
ond column Tables 1 and 2.) 

From a study of the data here pre. 
sented, it is evident that admission to en- 
gineering colleges on the basis of high 


school grades even when the grade point | 


average is set fairly high does not dif- 
ferentiate markedly between those who 
will continue to graduation in engineer- 
ing and those who will not. It is also 
clear that the first quarter grade point 
average in the Engineering College gives 
a much better criterion for determining 
the likelihood of ultimate graduation. 
We should all like very much to have, if 
possible, some criteria to apply to th 
student before he enters engineering that 
would tell us whether his chances wert 
ten to one or one to ten that he woul 
succeed in this field. Many studies have 


been and are being made on this subject. | 


Dr. Edmund Dudek, Director of om 


Testing Bureau, in cooperation with th | 
General Engineering Department madet | 


thorough investigation of the perfor 
ance of the group entering in 1947—ap 
proximately the same group used fa 
this persistence study. He found thil 
the high school grade point average iil 
not predict the first year engineerilt 
grade point average as well as a sing 


45-minute test in mathematics (Co) | 
Test Service—College Math), and ali} 


that this Co-op Math Test predicted th 
first year engineering grade point avét 
age exactly as well as the Total Score d 
the 4-Part Pre-Engineering Inventor 








Test, which took one-half day to admin § 





of the first quartile group and onl[ 
' school ¢ 
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between |) ter. From a regression equation using 
» half of F test scores from six predictive variables; 
wo-thirds | PEI-part 2, PEI-part 3, ACE-Q score, 
nd only} ACE-L score, Co-op Math, and high 
rth quar} school G.P.A., an “R” of 0.653 was ob- 
rd quar} tained with grade point average for the 
oly fron} year. This is fair but not good enough to 
he trans-| be used for college admission. Some re- 
the per} liable measure of interest and motiva- 
1p in this © tion is very much needed. 
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enginect- A Summer School in Thermodynamics 
t is also} will be held at Michigan State College, 
ide point} East Lansing, Michigan, June 28-July 7, 
ege give} 1951, at the close of the Annual Meeting 
ermining § of the ASEE. Methods of better teach- 
aduation. § ing of the elementary thermodynamics will 
) have, if § be presented as well as modern develop- 
y to the§ ments in the field of thermodynamics and 
ring that § a little on advanced theory. In addition, 
ices wert more background material for the teacher 
he wouli— will be provided. 

dies have The following is a tentative program: 
s subject | June 28, “Leading the Student of Thermo- 
of ow} dynamics to Think,” “Teaching the Con- 
with th} cept of State Properties, Boundaries, 
it madet} Systems, ete.”; June 29, “First Law of 
perform | Thermodynamics,” “Effective Presenta- 
|947—ap- | tion and Modern Approach to the Second 
used fa} Law of Thermodynamics,” “Energy 
und thi! Transfer from the Laws of Thermo- 
erage dil) dynamics,” “Fluid Mechanies and Thermo- 
gineerilg |) dynamics”; June 30, “Availability and 
| a singe} Reversibility,’ “Mathematical Approach 
3 (Conf 
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It is quite evident that prediction of 
performance of engineering students at 
the University of Washington has not 
yet reached the state where it can be used 


arbitrarily to exclude students. Real 
progress is being made, however, and the 
results which are now obtainable can be 
used to very good advantage in counsel- 
ing our freshman engineers, and they are 
being so used in our department. 


Thermodynamics Summer School 
June 28_July 7, 1951, Michigan State College 


to Kinetic Theory of Gases,” “Kinetic 
Theory of Gases and Thermodynamics”; 
July 2, “Basic Physical Chemistry for 
Thermo Teachers,” “Physical Chemistry 
and the Ist and 2nd Law of Thermo,” 
“Integration of the Physical Chemistry 
Approach to Thermodynamics”; July 3, 
“Visual Aids in Teaching Thermody- 
namics,” “The Atomic Age: How to 
Equip Engineering Students for It,” 
“Thermodynamics of Gasoline Engine 
Cycles”; July 4, “Thermodynamics of 
Vapors: Preparation of Vapor Tables”; 
July 5, “Combustion Theory: Combus- 
tion in Stationary Boilers,” “Steam Tur- 
bines and Power Plant Design”; July 6, 
“Theory of Jet Engines,” “Combustion in 
Jet Engines”; July 7, “Gas Turbine De- 
sign,” “Compressor Design,” “Compres- 
sor Flow.” 

A registration fee of $10 will be 
charged. 








The Development of a Graduate Program 
in Engineering Mechanics* 


By D. H. YOUNG 


Professor of Engineering Mechanics, Stanford University 


On the engineering corner of one of our 
large midwestern universities there is a 
plaque, cast in bronze and set in stone, 
on which is inscribed the following motto: 
“When theory and practice disagree, use 
horse sense.” Without meaning to cast 
discredit on this philosophy, I would like 
to imply that it may no longer strike the 
keynote of our times. The horse is almost 
an extinct animal in our modern civiliza- 
tion and for better or for worse we seem 
to be more deeply committed to science 
today than ever before in the history of 
mankind. Let me, then, take the liberty 
of offering a revision of the motto and 
state it this way: “When theory and 
practice disagree, use more theory.” To 
uphold this viewpoint is, as I see it, the 
major role of a program of graduate 
study in engineering mechanics in our 
present day system of engineering educa- 
tion. 

In discussing the development of such 
a program of graduate study, I am not 
under the misapprehension that there is 
anything particularly new about the sub- 
ject, or for that matter about the ideas 
which I have collected upon it for this 
discussion. Mechanics is certainly as old 
as engineering itself and one could cite 
many eminent men from previous cen- 
turies who would unquestionably be clas- 
sified as specialists in the field today. 
In fact, it owes its very existence to such 
men as Galileo, Newton, the Bernoulli 


* Presented at the Mechanics Division 
conference at the annual meeting, Seattle, 
Wash., June 22, 1950. 
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brothers, Lord Rayleigh, Otto Moh, 


Lagrange, and a host of others. None th f 
less, the emergence of the subject asa} 
specialized field of engineering education | 
in this country has been a comparatively | 
Statistics from th f 
U. S. Office of Education show that in) 
1933-34, only twenty-five students wer | 
working for the M.S. degree specifically | 
in engineering mechanics and that nin} 
such degrees were conferred, while only f 
seven students were similarly engaged inf 


recent development. 


work toward the doctorate. In 1948-49, 
the same statistics show that as many # 
25 American engineering schools already 
had such graduate programs under way 
and that 207 students were working for 
the M.S. degree with 62 such degrees con- 
ferred. The same figures for Ph.D. work 
were 73 enrolled and 8 degrees grantel. 
This represents roughly a tenfold increas 


in a period of 15 years. Even making al | 
lowance for the overall increase in engi | 
neering education during the same period, | 


it seems clear from such statistics that th 
relative importance of mechanics as! 
specific division of graduate study 3 
growing and that in the future thi 
growth can be expected to continue. 
While it is difficult to run down spt 
cifie facts in regard to the history of thi 
movement, I believe it safe to say thit 
this growing interest in engineering mt 
chanics as a field of graduate study in ot 
American universities can in no 
measure be attributed to the influence 
Professor Stephen P. Timoshenko, wh 
first came to America in 1922 and begil 
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his career as an American teacher at the 
University of Michigan in 1927. I take 
the opportunity here to pay tribute to 
this man for his very profound influence 
on our system of engineering education. 

At Stanford, the newly formed “Divi- 
sion of Engineering Mechanics” has been 
a post-war development. This is not to 
say that we had not previously carried 
on graduate work in this field under both 
Civil and Mechanical engineering as no 
doubt many engineering schools are still 
doing. But the numbers of students 
really specializing in mechanics were 
small and the degrees granted would not 
have shown up in the statistics quoted 
earlier because they were not specifically 
ear-marked mechanics. At the present 
time, after two years of operation, we 
have about 30 students working for the 
M.S. degree and 16 for the Ph.D. This 
June (1950), 6 master’s and 5 doctor’s 
degrees were granted. 

The division is organized solely on the 
graduate level and does not enjoy de- 
partmental status, being rather a joint 
responsibility of both the Civil and Me- 
chanical engineering departments. It has 
no budget and all of the faculty members 
concerned with it are carried by one or 
the other of these departments. We find 
that this type of organization has its ad- 
vantages, particularly in the fact that it 
necessarily keeps engineering mechanics 
in close association with the more pro- 
fessional aspects of both Civil and Me- 
chanical engineering and avoids unneces- 
sary duplication of courses, equipment, 
and personnel. It also serves to hold these 
two departments in close contact with 
each other, giving them an overlapping 
field of common interest. 


Major Elements of Graduate Study 


Before going into more detail, let me 
set forth what we believe to be the major 
elements of a well integrated program of 
graduate study in engineering mechanics, 
as follows: 

1. A well qualified faculty, consisting 
of at least several experts in the various 
sub-fields of mechanics. 
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2. An adequate curriculum, containing 
enough courses to cover the various fields 
and including at least some of the more 
newly developing ones. 

3. Plenty of research activity—course 
work alone is not enough and will be- 
come stale without the support of re- 
search. 

4, Students in sufficient numbers to 
justify the above outlay in the eyes of 
the administration and to maintain a 
lively spirit of competition. 

5. Adequate physical facilities. 

On the whole this is likely to add up 
to a rather expensive operation in rela- 
tion to the numbers of students involved 
which must necessarily be limited, if not 
small. Fortunately there are several 
saving features which make it possi- 
ble. First, those faculty members pri- 
marily responsible for the program also 
teach closely related courses in either 
Civil or Mechanical curriculums and 
thereby spread their cost to the Univer- 
sity over a larger area and one where 
students are more numerous. Again, and 
even more important in our experience, 
the government sponsored research con- 
tracts have made it possible to expand 
the program and integrate the whole op- 
eration. 1). These contracts furnish the 
research activity so essential to the life 
of the program. 2). They help subtan- 
tially in permitting the University to ex- 
tend its faculty and thereby obtain the 
specialists required to give all phases of 
course work in mechanics. 3). They help 
subsidize graduate students who could not 
otherwise afford to devote several years 
to graduate study. 4). They furnish 
expensive experimental apparatus that 
the University might not otherwise be 
able to buy. Clearly these four aspects 
of the government research contract make 
it an extremely important ingredient in 
the program. Without government aid 
in the form of the research contracts, 
the division of engineering mechanics at 
Stanford could not have been nearly so 
effectively organized as it has been. 

Another development in the program 
at Stanford that has proved to be an ex- 













































cellent supplement to the research con- 
tracts and a boon to the program as a 
whole has been the creation of a num- 
ber of part-time teaching assistantships. 
These assistantships, mostly in under- 
graduate mechanics, also serve several 
useful purposes. They help again to 
subsidize good graduate students and at 
the same time they free regular staff 
members to devote a part of their time 
to directing one of the research programs. 
They also give graduate students valu- 
able teaching experience and since many 
of them aim at teaching as a career, this 
seems a worth while element in their 
training. Thus we have found ourselves 
engaged in a minor way in operating a 
teacher training program in conjunction 
with the mechanics program itself. This 
has proved a very interesting activity 
and, I believe, a very worth while one. If 
time permitted I should like to enlarge 
somewhat on this phase of the division’s 
activity but one point worthy of mention 
in passing is the value that the graduate 
student gets from teaching in strength- 
ening his own grasp and command of the 
more elementary phases of mechanics. 
The importance of this to his own pro- 
gram of graduate study should not be 
underestimated. 

There may be those who will question 
the advisability of entrusting the teach- 
ing of such important subjects as under- 
graduate mechanics to young and inex- 
perienced teachers. However, let us re- 
member that youth and enthusiasm as 
well as a fresh and unspoiled viewpoint 
are powerful factors in successful teach- 
ing and it behooves those of us who have 
been at it for a long time not to be too 
quick to assume that the advantages all 
lie on the side of age and experience. 


Master’s Degree Program 


In discussing the content of a graduate 
curriculum in engineering mechanics, I 
should like to begin with the M.S. pro- 
gram, assuming that by this we mean the 
first year of graduate work. In our pres- 
ent program at Stanford, we have settled 
on 45 quarter units of course work with- 
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out a thesis. Some may evidence surprise 


at this quick dismissal of the thesis for | 


a graduate degree in a field of study » 


likely to lead to a career in research, | 
‘ Admittedly, some experience with an in. 


dependent investigation of a new problem 
would be highly desirable but there ar 
several real and not easily dismissed ob- 


stacles to such a course of action. Firstly, | 
with a sizable group of students on hand © 


in the master’s program, the mere chor 
of dividing up the supervision of so many 
theses among a limited faculty becomes 
prohibitive. Also, and more important, 
it can be seriously questioned whether or 
not a student just beginning graduate 
study in a field as difficult as mechanics 
has the necessary background to imme. 
diately begin research activity in that 


field. In fact, our experience has been f 
that even Ph.D. candidates find consider- | 
able difficulty in finding a subject and | 


getting into the spirit of independent 
research and need a great deal of guid- 
ance at the beginning of this experience. 
Obviously then, the master’s thesis could 
be little more than a study of some exist- 
ing theory or method of analysis already 
developed. Admitting this, most of the 
arguments in its favor fall and we have 
felt that it is better to ask the master’s 
candidate to concentrate on course work 
with perhaps a few units of directed 
reading in some chosen field of interest. 

Before proceeding to an examination 
of the master’s program in detail, I should 
like to comment on the many new deve: 


opments in the field of engineering me | 
chanics. To mention but briefly some o | 
the more outstanding of these, we hart | 
the newly developed high speed aert | 
dynamics as well as great expansion it | 


general in the field of fluid mechanic; 


many new developments in experimentd | 


stress analysis, today practically a field 
itself; the new and growing theory @ 
plasticity; and last but by no means leas 
the widespread interest in non-linear mt 
chanies with all of its associated contr 
problems and the marriage of eleetridl 
and mechanical systems which threatel 
to make electric circuit theory as mut 
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a part of mechanics as the theory of 
elasticity. All this in addition to the 
more established fields of vibration theory, 
stability problems, elasticity, ete., clearly 
ealls for course requirements in a much 
wider variety of subjects than was con- 
sidered essential even so few as ten years 
ago. And moreover, taken all together, 
they put a much greater emphasis on the 
importance of mathematics in this gen- 
eral field than ever existed before. 

Taking into consideration the magni- 
tude of this expansion, it seems clear that 
exhaustive formal course work in all of 
these newer fields is hardly possible or 
desirable for the master’s program, but 
to enable Ph.D. candidates to make profit- 
able use of a second year of course work, 
at least some formal courses in these 
newly developing fields are highly desir- 
able. Our own policy at Stanford has 
been to start with those courses that we 
already had in operation and gradually 
build up the courriculum as we go along. 
In this regard we have already made some 
progress. We now have a total of 50 
units of established course work in engi- 
neering mechanics exclusive of closely re- 
lated courses in Civil and Mechanical 
Engineering. Starting next year (1950- 
51) we will introduce a second year course 
in Hydro- and Aerodynamics, a group of 
courses in non-linear mechanics running 
through the three quarters, and one sec- 
ond year course in Applied Elasticity. 
Sueh a block of courses in engineering 
mechanics serves more than one purpose. 
Aside from their interest in E.M. majors, 
they greatly enhance the offerings avail- 
able to graduate students in other depart- 
ments, notably those working in Struc- 
tures and Aerodynamics and to some ex- 
tent in Physics, Metallurgy, and Mathe- 
maties, 

As to the 45 units of course work re- 
quired of the master’s candidate, these 
have been specified in four sub-fields as 
follows: 


a). 6 units in elasticity, 
b). 6 units in dynamics, 
¢). 6 units in fluid motion, 
d). 6 units in mathematies. 
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This is intended to introduce the student 
to all of the branches of engineering me- 
chanics and help him decide his own 
major field of interest for Ph.D. work if 
he decides to go beyond the M.S. degree. 
It is also calculated to represent an ab- 
solute minimum of requirements in each 
field. In addition to these 24 absolutely 
specified units, another 12 units of me- 
chanics electives are required but the 
actual courses are not specified. Finally 
the student is allowed 9 units of abso- 
lutely free electives, making in all 45 
units. While these 9 units may also be 
taken in mechanics, the student is urged 
here to give some breadth to his training. 
It is felt that courses in electronics, modern 
physics, or metallurgy are representative 
of the kind of approved electives but if 
the student wishes to use them for study 
in the history of art, he would be al- 
lowed to do so. Our own experience has 
been that most students need to be urged 
to depart from a steady diet of mechanics 
rather than held to it. From the fore- 
going remarks it must be clear that engi- 
neering mechanics is already such a broad 
field that the master’s program can claim 
to be little more than an introduction to 
the subject and an opportunity to test 
one’s aptitude for it. As a mark of 
mastery in the field, the M.S. degree 
leaves much to be desired. 


Doctorate Program 


The Ph.D. program, of course, entails 
two years’ work beyond the M.S. degree 
of which, roughly speaking, one is de- 
voted to course work and one to the 
thesis. Those students who need financial 
assistance will usually be employed part 
time on one of the research programs in 
which case his work for the project and 
his own thesis work are rather likely to 
overlap somewhat. It is here that the 
importance of having a good and lively 
variety of research programs becomes ap- 
parent. In this respect, we are particu- 


larly fortunate in our present program 
at Stanford. There are now no less than 
nine sugh research programs under way 
either in engineering mechanics proper or 





532 


in closely related fields of civil and me- 
chanical engineering. They include pro- 
grams, in Stability Problems, Vibration 
Problems, Non-Linear Mechanics, Plas- 


ticity, Column Research, Airplane Struc- 


tures, Fluid Mechanics, and Aerody- 
namics. In addition, there are some 
students doing their thesis work independ- 
ently of any research programs. This is 
particularly advantageous for those who 
do not require financial assistance or are 
getting it through the teaching assistant- 
ship program. 

There is one general aspect of the 
Ph.D. program worthy of comment, and 
that is the question of a minor. The 
University Graduate Study Committee at 
Stanford has recently abolished the re- 
quirement of a minor in all Ph.D. pro- 
grams and this seems to be a charac- 
teristic trend throughout the country. 
Since most departments require for a 
minor approximately the equivalent of a 
master’s degree in that department, the 
argument was that this detracted too 
much time and energy from the major 
work. However, with the waiving of the 
minor as a university requirement, each 
department has been charged with the re- 
sponsibility of insuring that the student’s 
program shows some breadth of knowl- 
edge without at the same time becoming 
disjointed in its overall objective. In as- 
suming this responsibility, we have tried 
to meet the spirit of a minor by the rec- 
ommendation to the student of a sys- 
tematic block of courses in the mathe- 
maties department. However the natural 
objection may be raised that mathematics 
in relation to mechanics is not a minor at 
all but rather a very essential element in 
the process of specialization in a narrow 
field. 

To what extent we should go in de- 
stroying, or allowing to be destroyed, the 
classical concept of a minor seems worthy 
of careful consideration. It it useless 


to deny that there is a strong trend to- 
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ward more and more narrow specializ. 
tion in all Ph.D. work. In mechanig« 
this is a natural consequence of the rapid 
expansion of the field already referred to, 
While there are some who decry this tren/ 
as endangering the real purpose of edv 
cation, I cannot become too greatly dis 
turbed over narrow specialization in graé. 
uate study. It seems that four years o 
general college training should be su 
ficient background upon which to buili 
one’s general education and that afte 
this it is time to specialize or run th 
risk of becoming a perennial studet 
Thus, I believe that the extent of breadth 
of training in graduate study may safely 
be determined entirely by the dictates ¢ 
the major. 

In closing, something should be sail 
about the end-product of this overal 
program; namely, the young man with: 
Ph.D. in engineering mechanics. What 
are the opportunities open to him ani 
how limited is the market for his services! 

The answers to the first question ar 
fairly obvious. Certainly he is not likey 
to go out as a practicing engineer i 
the usual sense of the word, but rather r 





may look to him as one who will ex} 
tribute to the progress of engineering sf 
ence as a whole although it be only ini) 
small way individually. As to jobs, kf 
ean choose between teaching, researth) 
or analysis and design not of a routitt) 
nature. Regarding the question of th 

saturation point of the market, time, df) 
course, will prove to be the bette 

prophet, but it seems reasonably sure tht 

if the standards are kept high, as thy 

must be, then there probably cannot k 

such a thing as an over-production ¢ 

Ph.D.’s in this field. With the ever t} 
creasing scientific complexity of our mo} 
ern world, the new problems awaitilt} 
attention bid fair to keep well in advanty 
of the production of men trained to cop 
with them. 
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As its name implies Engineering Econ- 
omy embraces two fields of investigation, 
namely engineering and economics. In 
this respect it is similar to such other 
engineering subjects as sanitary engi- 
neering, engineering physics and more 





is overall recently bio-mechanics. These and other 
ian with similar subjects have come into being as 
es. Whiif the scope of the engineer’s activities has 
. him anf made them desirable. 
s servies!> It is very difficult to define even one 
estion arf field of investigation and it is practically 
not likely impossible to formulate an all inclusive 
agineer iF definition of a subject which abstracts 
rather¥? certain elements, based on their useful- 
will ¢ot- nes, from two or more fields of investi- 
eering s+) gation. Nevertheless, I shall attempt to 
only ini) give a workable definition of engineering 
0 jobs, hep economy. 
== Definition of Engineering Economy 
on of thm The noun economy means management 
, time, ép with thrift. This meaning coupled with 
he bette the term engineering implies application 
, came of engineering with thrift. The function 
of engineering is t ve mankind. The 
aan gineering is to serve ma 
canal term engineering economy embodies the 
notions idea of maximum service per unit of 
. | cost, through engineering. 
e ever), ‘The primary purpose of engineering 
"our met economy techniques is the quantitative 
- await evaluation of engineering proposals in 
n advalt terms of economic worth and cost. A 
ed to co#E second function of engineering economy 







| techniques is to place economic evaluation 

* Presented before Engineering Economy 
Committee of the ASEE at the Annual 
Meeting, June 20, 1950, Seattle, Washington. 
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Engineering Economy— What It Is and Its 
Place in Engineering Curricula” 


By H. G. THUESEN 
Head, School of Industrial Engineering, Oklahoma A. § M. College 


of different engineering proposals on 
equivalent bases for comparison. Engi- 
neering economy techniques are an exten- 
sion of the quantitative approach of en- 
gineering to embrace not only the physi- 
eal environment, but also the economic 
environment. 

The philosophy of engineering economy 
embraces the idea that the engineer must 
work in two environments, namely the 
physical and the economic; that there is 
uncertainty relative to the economic out- 
come of all proposals; and that certainty 
of decision can be improved by careful 
analysis. 

I think of engineering economy as a 
tool subject which may be defined as a 
body of knowledge, techniques and prac- 
tices of analysis and synthesis for the 
quantitative evaluation of physical prod- 
ucts and services in terms of utility and 
cost. 

In my opinion these concepts were first 
embraced in a practical textbook for in- 
struction of engineers on publication of 
Principles of Engineering Economy in 
1930 by Professor Eugene L. Grant at 
Stanford University. Engineering edu- 
eation is indebted to Professor Grant for 
delineating a subject of instruction whose 
value is attested by the increasing num- 
ber of engineering curricula which in- 
elude it. 


Economics and Engineering Economy 


In the next paragraphs I shall compare 
the general subject of economics with 
engineering economy. 
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Economies is often defined as a study 
of man’s activity in using scarce means 
to satisfy his wants. Economies is con- 
cerned with some aspects of capacities to 
produce, quantities and types of goods 
and services produced, the flow of prod- 
ucts and services to those who consume 
them, the cost and income arising from 
production activities, and the disposi- 
tion of income. 

Economies rests upon utility. Utility 
is the want-satisfying power of goods 
and services. The utility that goods or 
services have for an individual is sub- 
jectively determined by him. For ex- 
ample, even engineers purchase cars on 
the basis of the subjective appeal of their 
color, line and performance at least to 
_ some extent and not wholly upon objec- 
tive consideration. It is the aggregate 
of subjectively ascribed utilities and their 
effects that are given attention in gen- 
eral economics. Thus the subject of 
economies rests upon the vagaries of 
people. 

Though the engineer also must con- 
sider economic phenomena his viewpoint 
differs from that of the economist. 
Whereas the economist regards tools of 
production as abstractions they are con- 
eretely considered by the engineer. For 
example, the economist speaks of the 
capacity of the nation’s blast furnaces as 
being a certain number of tons of pig 
iron at a certain average cost per ton. 
But to the engineer each blast furnace is 
a separate distinct entity, composed of 
many parts designed to resist forces, heat, 
corrosion, and so forth. Each part is the 
result of the application of engineering 
technology. In the operation of the 
blast furnace the economist is concerned 
largely with the rate of production and 
the cost of output per ton. For the en- 
gineer the operation of the last furnace 
means the scheduling of the inflow of air, 
ore, fuel and flux, the chemistry of their 
combination, applications of power as 
well as direction and management of men. 
To be successful all details of the design, 
construction and operation of the blast 
furnace must be precisely in accord with 
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immutable physical laws. 
sufficient that the pig iron be produced, 
It must be produced at a cost that is in 
keeping with the existing economic en- 
vironment which establishes the price at 
which it can be sold. To be successful, 
engineering must surmount limitations 
imposed by both the physical environ- 
ment and the economic environment. 
Since the primary objective of engi- 
neering is the satisfaction of human 
wants, the economy of utility invariably 
takes precedence over physical economy. 
This is an idea that engineers should 
understand and appreciate. 


In engineering economy we are con- f 


cerned with the future income and cost of 
providing physical products and services, 
Income and cost are analogous to the 
familiar output and input of engineering. 
The ratio of output to input of physi- 
cal units is a measure of the physical de- 
sirability of an engineering application. 
The ratio of income to cost is a measure 
of the economic desirability of an engi- 
neering application. The former ratio 
is always equal to unity or less. The 
latter ratio may have any value but 
only when its value is greater than unity 
is an engineering venture profitable. 

Where the objective of engineering 
applications is utilitarian, which is nearly 
always the case, we are interested in the 
ratio of output and input of physical 
units only to the extent that it has a bear 
ing on the ratio of income to cost. 

It should be emphasized that engineer- 
ing economy studies are primarily cot- 
cerned with the future. Decision to w- 
dertake engineering ventures are made it 


the present hope that a profit will result | 


in the future. The success of venture 


hinges upon the relationship of futur | 


eosts and future incomes. Ordinarily, 
neither future costs nor income can kk 
known with certainty. Therefore th 
decision to act must be based, in part, 
judgment. Engineering economy analy 
ses are aids to judgment. Engineerilf 
economy analyses aid judgment by pr 


But it is not 





viding a clear picture of the combinel 
effect of the elements of income and tl 
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elements of cost, including depreciation 
and inteerst that are estimated to apply 
to a situation under consideration. 

This is comparable to arriving at the 
volume of a room by determining, mathe- 


matically, the combined effect of its es- 


timated length, breadth and height as 
contrasted to estimating the room’s vol- 
ume directly. 


Objectives of Engineering Economy 
Courses 


In my opinion the three principal ob- 
jectives of a course in engineering econ- 
omy are to equip the student: (1) to 
develop opportunities for the profitable 
application of engineering, (2) to evalu- 
ate the economic worth of engineering 
proposals and (3) to interpret the worth 
of engineering proposals to prospective 
users. 

In developing opportunities for the 
profitable application of engineering the 
engineer accepts a creative roll to broaden 
his usefulness. In this roll he seeks to 
discover unsatisfied needs of people that 
ean be satisfied by engineering applica- 
tions. For example, a civil engineer may 
discover a new combination of materials 
for making a concrete that has qualities 
which satisfy needs of people, that can 
be produced at low enough cost to be ac- 
ceptable, and that has desired physical 
properties of strength, durability, abra- 
sion resistance and so forth. In this 
example the engineer has been creative 
in two environments. In the economic 
enviornment he has discovered a utility 
that provides satisfaction for people 
greater than its cost. In the physical en- 
vironment the engineer has discovered a 
combination of physical materials that 
creates a concrete of new physical prop- 
erties. It is important that the engi- 
neer accept a creative roll to extend the 
application of engineering for he not 
only benefits mankind but thereby also 
extends the field for engineering. 

Engineering applications are successful 
only to the extent that they are accept- 
able by those who must ultimately pay 
for them. Thus economic evaluation of 


ENGINEERING ECONOMY 





535 





engineering proposals is _ inescapable. 
The engineer has the choice of evaluating 
his proposals in terms of economic worth 
on paper before they are put into effect 
or of evaluating them by trial and error 
at much greater cost. Since engineering 
applications are accepted or rejected on 
the basis of their economic worth and 
their cost, the engineer can increase the 
value of his services by extending the 
engineering approach to include an eval- 
uation of worth and cost. 

In some eases it is undoubtedly true 
that people will wear a path to the door 
of the inventor of a better mouse trap. 
But engineering application usually must 
be interpreted to consumers in terms of 
economic worth. People do not buy an 
automobile for its fine pistons, ignition 
system and steering gear but for trans- 
portation, comfort and prestige. Ad- 
vertisers recognize this and describe auto- 
mobiles in terms that have meaning for 
prospective consumers. It must be real- 
ized that engineering is not an end in 
itself but a means to an end. Engineer- 
ing data are often of little help to con- 
sumers in arriving at the utility of the 
products of engineering. As a result 
many worthwhile engineering proposals 
are rejected and there is much misappli- 
cation of engineering because engineers 
fail to explain their work in terms that 
can be appreciated by those with whom 
decisions rest. 


Curriculum Considerations 


In considering the place of engineering 
economy in engineering curriculum one 
cannot be unmindful of the difficulty of 
adding new subjects. Subjects can no 
longer be added because they are of value 
but only because they are more useful 
than the subjects they will displace. 

Since engineering economy is con- 
cerned with both physical and economic 
factors, it seems reasonable that it may 
prove of most value to those engineers 
who, after graduation, engage in activities 
which embrace both fields. A large per- 
centage of graduates of all engineering 
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curricula now find employment which 
ultimately leads to supervisory and man- 


agerial activities. Sales and promotional 
work claims another large percentage. 
Since remuneration for such activities is 
relatively high, it is reasonable to sup- 
pose that graduates qualified to perform 
them are in relatively short supply. 
Students interested in these activities are 
quick to recognize the value of engineer- 
ing economy. If reasonably well taught, 
a course in engineering economy may be 
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expected to enjoy high student interest 
because of its useful concepts and quan- 
titative analyses. 

Thus the place that engineering econ- 
‘omy should have in engineering curricula 
may well be decided by making it an 
elective course of Junior or Senior level 
open to students of all engineering car. 
ricula. Where this has been done the 
usual experience has been for the enroll- 
ment in engineering economy to increase 
rapidly. 


Summer School 


Engineering Drawing Division 
June 21-26, 1951 


The Executive Board of the ASEE has form- 
ally approved sponsorship of the Engineering 
Drawing Division Summer School to be held in 
connection with the Annual Meeting at Michigan 
State College. This will start four days pre- 
vious to the Society meetings which is Thurs- 
day, June 21, 1951, and conclude with our 
rs gel sessions allotted during the following 
week. 

The general theme of this school will be ‘‘Im- 
| tite our Status as Teachers of Engineering 

rawing” treated on a basis of: 

(a) Meeting curriculum requirements 

(b) Teaching methods by lecture demonstra- 

tions 
1. Basic Drawing 
2. Descriptive Geometry 
8. Advanced Drawing 
4. Elementary and Advanced Graphics 


(c) Industrial applications 


The local committee at Michigan State Col 
lege making arrangements at East Lansing fo 
this Summer School consists of Professor é. L 
Brattin, Chairman; O. W. Fairbanks; N. B. 
Sedlander; R. O. Ringoen (all of Michigan State 
College) ; Professor Philip O. Potts, University 
of Michigan; Professor Ralph T. North 
Wayne University; and Dean Jasper Gera 
University of Detroit. 

The Division is planning to exhibit student 
work in engineering drawing, course outlines, 
foreign drawings, drawing instruments and ma 
terials, visual aids and other displays which 
will be of interest to engineering teachers. 

A cordial invitation is extended to all mem 
bers of the Society who are interested in this 
program. 


RALPH S. PAFFENBARGER, Chairman 
Division of Engineering Drawing, ASEE 
The Ohio State University 
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Coordinating Calculus Instruction in the 
Engineering Program 


By CHARLES A. JOHNSON 
Assistant Professor of Mathematics, University of Missouri 


The purpose of this article is to give a 
brief description of a study made at the 
University of Kansas in the spring 
semester of the academic year 1949-50 
entitled, “An Investigation of Coordina- 
tion between the Teaching of Calculus 
and the Teaching of Other Subjects in 
Undergraduate Engineering Curricula.” 

The principal investigative techniques 
employed in this study were: (1) A 
rating form on which the members of 
various engineering departments who 
were teaching courses for which elemen- 
tary caleulus is a prerequisite indicated 
the relative importance of the topics nor- 
mally taught in elementary caleulus. (2) 
A questionnaire in which the members of 
the mathematics department who taught 
elementary caleulus indicated the con- 
tent of the course as they taught it and 
the method of instruction employed. (3) 
A calculus proficiency examination ad- 
ministered to junior and senior engineer- 
ing students who had completed study of 
calculus. 


Engineering Instructors’ Ratings 


Considering the ratings as a whole, the 
process of finding derivatives was con- 
sidered most important while the solution 
of elementary types of differential equa- 
tions was considered least important. 
Newton’s Method for approximating roots 
and the First Proposition of Pappus re- 
ceived very low ratings. Aeronautical 
engineering instructors rated derivatives 
and their applications to time-rate prob- 
lems, velocity and acceleration, maxima 
and minima, and integration applied to 


the determination of fluid presure very 
high; they gave low ratings to Newton’s 
Method, simple differential equations, 
curve tracing, and the Theorem of Mean 
Value. Chemical engineering instructors 
assigned high ratings to derivatives, 
maxima and minima, use of a table of 
integrals, higher derivatives, partial de- 
rivatives, and work and fluid pressure 
problems; low ratings were given such 
topics as volume and area by double 
integration, differential equations, cen- 
troids and moments of inertia, and diffi- 
cult processes of integration and differ- 
entiation. Electrical engineering instruc- 
tors rated highly such topics as maxima 
and minima, derivatives, area, the dif- 
ferential, integration devices, motion, 
length of a curve, infinite series, simple 
differential equations, and use of a table 
of integrals; low ratings were assigned 
to centroids and moments of inertia, fluid 
pressure, differential equations of higher 
order than the second, volumes, and cur- 
vature. High ratings were given by 
mechanical engineering instructors to the 
differential, work, derivatives, maxima 
and minima, velocity and acceleration, 
and moments of inertia; relatively low 
ratings were assigned to such topics 
as the First Proposition of Pappus, 
area in polar coordinates, surface of 
revolution, infinite series, curvature, and 
finding the angle of intersection of plane 
curves. Applied mechanics instructors 
assigned high ratings to centroids and 
moments of inertia, derivatives, velocity 
and acceleration, use of a table of in- 
tegrals, ,work, maxima and minima, and 
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the Second Proposition of Pappus; many 
topics covered principles “never used”— 
such as most material on infinite series 
and simple differential equations. 

The civil engineering department made 
no ratings because the chairman of the 
department indicated that while he wanted 
the student to have calculus, practically 
no use of it was made as such in under- 
graduate engineering courses. Ratings 
were not requested from members of the 
architectural engineering staff although a 
group of students in this curriculum did 
participate in the study by taking the 
calculus proficiency test. 


The Instructional Program in 
Elementary Calculus 


Elementary calculus is taught in the 
College of Liberal Arts at the University 
as an eight semester-hour course—five 
for Caleulus I and three for Calculus II. 
Students normally enroll in it at the be- 
ginning of their sophomore year after 
completing algebra, trigonometry, and 
analytic geometry. Instruction is han- 
dled by the regular members of the mathe- 
matics staff, some of whom teach only 
one or the other of the two courses. An 
outline is provided by the chairman of 
the department for the first course but 
not for the second. Engineering students 
are taught in separate sections. 

The substance of the replies to the 
questions that dealt with method may be 
summarized briefly thus: (1) In answer 
to a question inquiring about the per 
cent of time devoted to lecturing, the re- 
plies ranged from “as little as possible” 
to “ninety-five plus” per cent with the 
majority lying in the range of thirty-five 
to fifty per cent. (2) “Board work” oc- 
cupied about fifty per cent of the class 
time. There was about an even division 
between those utilizing this time for put- 
ting previously prepared problems on the 
board and those using it to work on prob- 
lems arising out of new theory. (3) 
Class discussion took up anywhere from 
“zero per cent” of the time to “most of 
the period” with the average instructor 
using twenty to thirty per cent of the 
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period for this purpose. (4) Most in. 
structors taught caleulus to engineering 
sections as a “tool subject,’ not in the 
narrow sense of memorization and appli- 


_eation of formulas, but in the sense of 


including application problems of in. 
terest to the engineer and teaching the 
course with the ends of the engineer in 
view. In addition it was found that six 
of the thirteen instructors who made 
replies had revised the outline for the 
first course by delaying instruction in in- 
tegration until the processes of differen- 
tiation had been thoroughly covered, thus 


defeating the textbook author’s (Love) | 


purpose of introducing integration early 
so that the student would have had in- 
struction in it before being required to 
use it in other engineering courses and 
physies. 

The content of the first course in cal- 
culus may be roughly characterized as 
follows: About 7% of the time is devoted 
to finding first and higher derivatives 
of algebraic and trigonometric expres- 
sions; approximately 11% of the time is 
spent on applications of derivatives in- 
cluding, of course, finding maxima and 
minima. Integration of simple algebraic 
expressions including applications to 
plane areas takes up about 10% of the 
time while another 10% is spent on 
derivatives of transcendental functions. 
About 12% of the time is devoted to the 
study of more difficult integration proc- 
esses, including trigonometric substitu- 
tion and integration by parts, while ap- 
proximately 17% of the time is taken up 
by applications of integration. The re 
mainder of the time is devoted to miscel- 
laneous topics which cannot easily bk 
categorized but they are the usual ones 
listed in most standard texts in elemer- 
tary calculus. 

In the second course about one-third of 
the time is spent in finding centroids and 
moments of inertia by single integrals; 
infinite series takes up approximately 
one-fourth of the time; another one 
fourth of the time is devoted to the study 
of multiple integration and its applic 
tion to areas, volumes, centroids, and 
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moments of inertia; the remainder is 
taken up in the study of fluid pressure, 
approximate methods of integration, par- 
tial differentiation, and finding the nor- 
mal line and tangent plane to a sur- 
face. It should be added that only one 
instructor touched upon differential equa- 
tions. 


The Calculus Proficiency Examination 


The purpose of the proficiency exami- 
nation was to determine the extent to 
which the most rudimentary techniques 
and principles of elementary calculus 
were functionally operative among un- 
dergraduate engineering students who had 
completed study of calculus and were 
eurrently enrolled in courses on the 
junior and senior level. 

The test was of fifty minutes dura- 
tion and contained fifteeen problems, nine 
requiring differentiation and six integra- 
tion. No topic from either infinite series 
or differential equations was represented 
in the test. Administration of the test 
was in most cases left up to the regular 
classroom instructor who was instructed 
not to announce it in advance. All engi- 
neering groups took the same test—the 
total number being 526. Analysis of the 
seores achieved on a psychological test 
and on the mathematies entrance exami- 
nation revealed that all groups were es- 
sentially on a par as far as these two 
criteria are concerned. Since the prob- 
lems of the test were relatively short and 
required few skills not learned in the eal- 
culus course itself, each problem was 
scored either right or wrong, thus making 
15 the highest score attainable. 

The electrical engineering group, which 
had an extensive background in engi- 
neering courses for which calculus is pre- 
requisite as well as the advantage of 
study of differential equations, performed 
well in comparison to other groups, 
achieving a mean score of 8.3. The ma- 
jority of this group, however, either in- 
correctly solved or omitted more than 
half the problems of the test. They had 
more success with an application where 
integration was required than they did 
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with an equally simple situation requir- 
ing differentiation. Although it might be 
expected that those completing their cal- 
culus more recently would excel, it was 
found that this was not a significant fac- 
tor even though there was a preponder- 
ance of seniors in the low group (scoring 
5 or less). The high group (scoring 12 
or above) had considerable difficulty with 
the applications of either differentiation 
or integration—for the low group the ap- 
plications were practically impossible. It 
was found that the high and low groups 
were very uniform in their background 
in engineering courses for which cal- 
eulus is prerequisite. 

The mean score for the mechanical 
engineering group was 5.6. Like the 
former group this group was more able 
to solve an application problem requir- 
ing integration than the one involving 
differentiation. The lower twenty-three 
per cent (scoring 3 or less) had retained 
only one skill to any appreciable degree 
—that of differentiating simple algebraic 
expressions. The most that one can 
say is that this group exhibited moderate 
facility in differentiating algebraic ex- 
pressions and some ability to perform 
simple processes of integration. The 
application problems proved extremely 
difficult for the entire group. 

The chemical engineering group achieved 
a mean score of 8.1. This group had a 
grade-point average in calculus consider- 
ably above the other groups. Almost 
every student in this group had com- 
pleted or was currently enrolled in three 
engineering courses for which calculus is 
prerequisite. The only residual skill evi- 
dent among the lower one-third of this 
group (those scoring 6 or less) was the 
ability to perform simple differentia- 
tions. The upper one-third (scoring 10 
or higher) was composed predominantly 
of seniors which contrasts with the situa- 
tion in the mechanical engineering group. 
Comparatively speaking, the whole group 
performed well on most problems, al- 
though less than forty per cent were able 
to solve the four application problems. 
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The mean score for the civil engineer- 
ing group was 3.6 with only six out of 
the entire group of sixty-eight scoring 
7 or higher. Eleven of the fifteen prob- 
lems were correctly solved by less than 
twenty per cent of the individuals, the 
best performance being on the first prob- 
lem where it was found that 91% could 
find dy/dx for y=2°+3x2—3. Six of 
the students who scored 3 or less had a 
B or better average in calculus. The 
main engineering background significant 
in this study was dynamics and strength 
of materials. 

The group of thirty-five aeronauti- 
cal engineering students who took the test 
made a mean score of 5.9. The highest 
score was 12 while three scored 0. Only 
three problems were correctly solved by 
more than 70% while the one time-rate 
problem was solved by only 6%. The 
vast majority of this group had com- 
pleted seven courses in engineering for 
which calculus is prerequisite. 

There were also thirty-six architectural 
engineering students who took the test— 
their mean score was 3.2. Only the 
three simplest differentiation problems 
were correctly solved by more than half 
of this group; the second problem, which 
required ds/dt for s = 5e°*, was solved by 
only 3%. Dynamics was the only engi- 
neering course for which calculus is pre- 
requisite that had been completed by this 
group. 

Conclusions 


When the test data are analyzed in 
the light of the ratings made by members 
of the engineering departments together 
with the aims implied by the instructional 
staff in mathematics we seem to be led 
to the following conclusions relative to 
the problem of effecting coordination 
in the teaching of elementary calculus in 
engineering programs: 

(1) The lecture method as presently 
conceived and utilized is less effective 
when compared to methods employing 
more board work and class discussion 
since the performance of those individuals 





who were taught by instructors who em. 


phasized the latter techniques excelled. ' 


(2) Engineering students retain com. 
mand of caleulus in direct proportion to 


_the use made of it in subsequent studies 


—even the superior student otherwise 
rapidly loses all facility in it during his 
junior and senior years. 

(3) As a corollary to (2), above, the 
nature of the instructional program in 
caleulus is found to be much less potent 
than the mathematical content of subse. 
quent courses in engineering in its effec 
on the retention of facility in the skills 
learned in calculus. 

(4) The “tool subject” approach (in 
the broad sense previously defined) ap- 
pears to be efficacious since the students 
who were taught by mathematics instruc. 


tors who emphasized this method per. | 


formed better on the test. 

(5) The engineering instructors’ ap- 
praisals of the relative value of topics in 
ealeulus reveal that it would be desirable 
to differentiate the instructional program 
in caleulus to better adapt it to the 
needs of different branches of engineer- 
ing—the electrical and civil engineering 
groups clearly have divergent objectives 
beyond the point where fundamental 
processes have been learned. 

(6) Deterioration of the ability to use 
calculus to the low level indicated in this 
study indicates that there should be more 
careful timing of instruction in caleulw 
and the engineering courses for whieh it 
is prerequisite—rapid loss of skill sets i 
early in the junior year unless there i 
immediate follow-up. 

(7) In every engineering group studied 
there is a wide range of ability to use the 
skills learned in caleulus which indicate 
that a large number of students are able 
to succeed in engineering studies on the 
junior and senior level without having 
command of the fundamentals—eithe 
calculus is not a real prerequisite to thes 
studies or its potentialities are failing 
realization due to poor coordination o 
effort. 

(8) This study as well as others closely 
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related to it shows that much of what is 
presently taught in the typical calculus 
eourse is educational waste as far as the 
engineering student is concerned—even 
in groups which performed well on the 
test there is little evidence of ability to 
do anything but simple differentiations 
and integrations and much evidence of 
serious lack of ability to apply either to 
the solution of “word problems.” We 
need to concentrate our efforts less in the 
direction of helping the student to ac- 
eumulate information and more in the 
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direction of developing his ‘powers of 
reflection. 

(9) The low level of performance of 
the civil and architectural engineering 
groups indicates that for some groups 
eight semester-hours study of calculus is 
not really prerequisite to success in 
junior- and senior-level subjects and may 
merely be serving the purpose of lending 
prestige to the program of studies or 
serving as an intellectual screen—both 
spurious objectives in an _ educative 
program. 


College Notes 


A special program of advanced study 
for teachers of engineering will be of- 
fered by the College of Engineering at 
Cornell University during the university’s 
Summer Session July 2—August 11. The 
six courses are intended for instructors in 
mechanics, structures and similar sub- 
jects. They will be taught by members 
of the Cornell engineering staff and will 
provide opportunity for individual study 
of particular interest to the student. 
Courses are as follows: “Elementary 
Mechanics of Materials from an Ad- 
vanced Standpoint” and “Applied Elas- 
ticity,” H. D. Conway, professor of me- 
chanies; “Theory of Elastie Stability,” 
George Winter, head, Department of 
Structural Engineering; “Plasticity in 
Engineering,” P. P. Bijlaard, associate 
professor of civil engineering; “Advanced 
Structural Analysis,” G. P. Fisher, as- 
sociate professor of civil engineering; 
“Aireraft Structures,” Carlo Riparbelli, 
assistant professor, Graduate School of 
Aeronautical Engineering. 


Ross J. Martin, associate professor of 
mechanical engineering, has been named 
associate director of the University of 
Illinois Engineering Experiment Station. 
He will serve under Dean William L. 
Everitt, who is also director of the Sta- 
tion, as liaison man between the Station 
and agencies sponsoring many of its 
investigations. 


William Henry Allison has been named 
chairman of the civil engineering depart- 
ment at Clarkson College. Prior to his 
recent appointment he was acting chair- 
man of that department. 


The appointment of Manson Benedict 
as professor of chemical engineering at 
the Massachusetts Institute of Tech- 
nology was announced by Dr. Thomas 
K. Sherwood, Dean of Engineering at the 
Massachusetts Institute of Technology. 
Dr. Benedict, who comes to M.I.T. to ex- 
pand and strengthen the educational 
program in nuclear engineering, will 
join the staff on July 1. 
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A New Aid in Teaching Kinematics 


By MILLARD H. LaJOY 
Associate Professor of Mechanical Engineering, University of Minnesota 
and 
OTIS M. LARSEN 


Assistant Professor of Mechanical Engineering, University of Minnesota 


Kinematics, as taught in mechanical three years ago. Experience gained in 
engineering, has two important objec- using this aid with several thousand engi- 
tives. One is to teach the students how neering students has indicated its use 
best to recognize the relationship be- fulness. The value of this aid was far. 
tween actual machines and their equiva- ther substantiated by working with ma 
lent kinematic or line drawings. The from industry through evening extension 
second is to teach methods of displace- classes. As a result, the authors feel that 
ment, velocity, and acceleration analysis _ it has filled in a gap which has heretofore 
of these machines from the line drawings. existed in the teaching of this subject. 
The teaching aid to be covered in this The title of this teaching aid is “Kine- 
paper will deal with the first objective matic Drawings.” By kinematic drav- 
only. ing is meant the reproduction of a line 

The experience of the authors over a drawing from a pictorial drawing of a 
combined teaching period covering ap- mechanism. These pictorial drawings 
proximately twenty years has indicated must be selected and carefully prepared 
the need for developing a teaching aid so that a minimum amount of written de- 
that will help the student visualize the scription is necessary to the understand- 
relationship between a line drawing and ing of how the mechanism works. Oned 
the actual machine. The use of line draw- the primary advantages of a_pietoral 
ings alone results in a student’s lack drawing is that one usually can visualiz 
of interest, enthusiasm, and willingness how the mechanism works from the drav- 
to learn. The practice of using models ing alone. The use of a photograph 
and conducting students on shop tours an orthographic drawing often requ 
helps to hold their interest. However, an acompanying written description 


tations in their use. For example, shop involved. It is then necessary to alter 
tours usually involve taking a fairly nately refer to written description aul 
large group through a plant where the drawings which are sometimes  tedios 
student does not have the necessary time and time consuming. It could well be o 
available to study the machine opera- of the reasons for a student’s lack af 
tion completely from a kinematic view enthusiasm and interest in the course. 
point. Models are costly to produce if To further explain the use of kinematt 
they are to be exact scale reproductions drawings, Figs. 1 and 2 have been 
of machines; moreover, many schools do cluded as typical examples. Below eacl 


not have the facilities to make them. pictorial drawing a solution is indicated 
The teaching aid about to be described only for the position shown. 
and used by the authors was developed Figure 1 shows a horizontal hande 
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shop tours and models have certain limi- explain the operation of the mechanist | 
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clamp. This is a very common mecha- 
nism used in jig and fixture work and 
new to most students. The individual 
links of a four-bar mechanism are im- 
mediately obvious. The pin joints or 
bearings are clearly evident. In addition, 
the student sees the value of extending 
certain links of a four-bar mechanism to 
serve a useful purpose. For example, 
note how the left crank is extended in the 
form of a bell crank. -The slotted open- 
ing on the extension is for the clamping 
stud. Also, the connecting link is ex- 
tended to provide a pressure pad and 
additional leverage to operate the clamp. 
The student is required to construct a line 





drawing of the basic four-bar mechanism, 
as commonly used in kinematics. He 
may be required to make several kine- 
matic drawings from this picture, such 
as the mid-open and full-open positions. 
These drawings should be made on a 
proportional scale basis. 

Figure 2 shows the pictorial drawing 
of a hydraulic truck lift. This is a very 
practical and simple mechanism hydrauli- 
cally operated. A student studying this 
drawing for a reasonable length of time 
will soon see that the hydraulie force is 
transmitted through a roller to a cam 
surface. The truck platform or box is 
omitted from the drawing purposely. 
This creates a problem for additional 
thinking on the part of the student. He 
may also be required to make a kinematic 
drawing of how the truck box is pivoted 
and raised for unloading. 
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Fig. 2 


In solving such problems from the pic- 
torial drawing, the student automatically 
sees practical applications of the basic 
four-bar mechanism. Furthermore, when 
he sees these mechanisms in industry, he 
will recognize them without difficulty. 

The use of the teaching aid, which we 
have entitled “Kinematic Drawings,” has 
greatly improved the quality of teaching 
in kinematics. The instructors are able 
to present problems more clearly and 
effectively. Students show more interest 
and enthusiasm. If this aid is used to its 
fullest extent, we are confident that stu- 
dents will complete their course in kine- 
matics with a better knowledge of how 
machinery works. Thus, when he sees 
machinery in operation, he will be better 
prepared to visualize the functions of 
the mechanisms involved. 
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Significance of Courses in Statistics 
for Engineering Students 


By MASON E. WESCOTT 


Assistant Professor of Mathematics, Northwestern University 


Introduction 


This paper will present three points 
in support of the contention that engi- 
neers should have some training in sta- 
tistics. These points are by no means 
mutually exclusive, much less exhaustive, 
and their order of presentation implies 
no intention to rank them in order of 
importance. Where courses in engineer- 
ing statistics should be offered will also 
be considered. 


The Engineer and the Statistical Concept 
of Variation 


Engineers are, of course, aware of 
variation, witness such things as the 
specification of tolerances (however arbi- 
trary they may be) on blue-print draw- 
ings, “safety factors,” and the frequent 
occurrence of probable error statements 
in connection with engineering calcula- 
tions. But the typical engineer is all 
too often inclined to think in terms of 
averages, accepting dispersion as a sort 
of necessary evil that has to be endured 
as best one can. He is seldom adequately 
exposed in his formal training to the 
fundamental fact that all observed data 
involve the element of random error, 
much less to a consideration of the possi- 
bility that a proper understanding of 
the laws that govern this element can 
become a powerful asset to him in his 
treatment of engineering data. 

The engineer untutored in statistics 
is prone to rate, for example, a battery 
of filling machines as essentially equiva- 
lent in performance if their average de- 
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liveries are comparable, neglecting the 


possibility that one of them may be fou 
times as variable as the most stable ma. 
chine in the battery. Moreover, he is 
most likely entirely ignorant of the faet 
that each machine will have a natural 
tolerance of its own even when operated 
under optimum conditions. 

It has been the writer’s experience in 
teaching statistics to engineers both o 
and off the college campus that they find 
the statistical concept of variation in ob- 
served data an entirely new and reveal- 
ing way to look at their problems. Such 
simple things as the frequency distribu- 
tion, the standard deviation as a yard 
stick for measuring variability, the con- 
cept of sample vs. universe, mathematical 
models for idealizing variation patterns 
such as the Gaussian, Bernoulli, and 
Poisson models, operating characteristic 
for picturing the discriminatory power 
of acceptance sampling plans, and de 
mentary significance tests such as the 
Shewhart control charts for distinguish 
ing non-random from random variatio 


give the engineer not only better, sharper | 


tools with which to attack his problem 
but also a wholly new viewpoint towarl 
them, viz., the statistical viewpoint. 
Looked at from this viewpoint, th 
engineer can with confidence shift lis 
concern away from the futile objective 
of exactness to the more realistic objet 
tive of statistical stability. Thus t 
engineer needs to learn that variation # 
the one great dominating law of naturt 
so that he can begin to look at his prob 
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lems and handle his data within the 
framework of appropriate statistical 
laws. These laws do not replace the 
physical laws he learns in his formal en- 
gineering training: the laws of statistical 
variation simply extend and reinforce al- 
most everything he has already learned 
by translating this knowledge in terms 
of the concrete reality of observed data. 
He no longer need fear variation, but 
rather to accept and respect it as an in- 
evitable factor that must and can be 
taken into account on just as scientific a 
basis as any other factor in the problem. 

The concept of statistical variation in 
observed data, an acquaintance with the 
laws it obeys, and an appreciation of its 
prevalence and importance in all areas 
of engineering activity together provide 
the most important reasons why an engi- 
neer should study statistics. Without 
this point of view and a working knowl- 
edge of at least the basic statistical 
techniques that implement it, there is no 
question but that a man can become a 
good engineer; with it he will be a better 
engineer. He will then be concerned not 
only with accuracy, but also with preci- 
sion, not only with averages, but also 
with dispersion, and, what is more, he will 
understand both these concepts much 
more intelligently. He will be able to 
make predictions and action decisions 
based on observed data in the light of 
defensible probability statements, which 
is a much-to-be-desired attainment and 
something that is totally impossible 
without the support of appropriate sta- 
tistical techniques. 

In short, until an engineer under- 
stands the inevitable presence and proper 
treatment of statistical variation in his 
design problems, his raw material, his 
fabricating processes, his testing pro- 
cedures, his measurements, and the analy- 
sis of his observed data he is in some- 
what the same spot as the one-armed 
paper hanger who eventually gets the 
room papered but with a lot more effort, 
uncertainty, and expense than would be 
required if he had two arms available. 
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The Engineer and the Statistical 
Concept of Data 


The engineer must of necessity deal 
continually with observed data. The ob- 
servations of interest to the engineer are 
generally made for the purpose of investi- 
gating postulated relationships among 
variables, discovering new relationships, 
or to serve as a basis for making action 
decisions. 

For example, how are the physical 
properties of a given steel related to the 
relative proportions of ingredients put 
into the melts and the extent to which 
process practices are modified? 

How is the yield of a given chemical 
process related to temperature, humidity, 
chemical analyses of ingredients, and 
other more or less controllable factors? 

If variable B is related to variable A, 
within what limits must A be controlled 
to insure the delivery of B within desired 
limits? 

Is this new method really better than 
the old method? 

Can this process actually meet specs? 

Should we accept or reject this lot of 
material that has been presented for in- 
spection? 

If we can control components A, B, 
C within predictable limits, within what 
limits can we expect to control the as- 
sembly A+B+C? 

Conversely, if the assembly A+ B+C 
must meet a specified tolerance, what are 
realistic tolerances for the components 
A, B, C? 

What is the optimum re-set cycle for 
this grinding operation? 

Are the analyses of laboratory A and 
laboratory B mutually consistent on the 
samples sent them, and if not what al- 
ternatives have we? 

Data gathered to shed light on these 
and many similar problems represent 
typical engineering data. They also rep- 
resent typical statistical data whose col- 
lection, analysis, and interpretation may 
range all the way from the trivial to a 
point beyond the frontiers of existing 
techniques to handle. It is imperative to 
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know how to extract from such data all 
the valid information there is in them 
and also how to avoid getting from the 
data interpretations that are not justi- 


interpreting data arising from repeti- 
tive operations, or operations that can 
be conceived of as repetitive, always in- 
volves two fundamental risks: 


(1) the risk of falsely rejecting an 
assumption that is, in fact, correct, 
and 

(2) the risk of falsely accepting an 
assumption that is, in fact, in- 
correct. 


Furthermore, all data are expensive, 
so one buys as little as possible. On the 
other hand, generally speaking, the more 
data one has, the more valid are conclu- 
sions based on correct evaluation of these 
data. 

How does one strike an economic bal- 
ance between the amount of data and the 
cost of data? 

How does one wring from such data as 
can be secured the maximum of depend- 
able information? 

How does one arrange matters to get 
data from which he ean sort out the vari- 
ous component factors that contribute 
to the elements of identifiable variation 
and random error in a repetitive opera- 
tion, be it a laboratory experiment, a 
pilot run, a manufacturing process, or a 
research project? 

How does one make valid comparisons 
among these components so that he can 
state on a probability basis his degree 
of assurance as to their relative im- 
portance? 

These, and many other pertinent ques- 
tions, are questions an engineer must 
face sooner or later. When they arise, 
they are questions that must be answered 
anyway and someway; they can be an- 
swered much more intelligently and eco- 
nomically with the help of appropriate 
statistical techniques than without such 
help. 

It follows inevitably that a good engi- 
neer will certainly be a better engineer 







fied. It is imperative to recognize that . 
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if he has acquired the statistical viey. 
point toward the fundamental importane 
of good data, collected in adequate 
amounts from the right sources in terms 
of planned objectives and subjected t 
the revealing analysis of appropriate 
statistical techniques. In short, the en 
gineer cannot avoid the necessity of 
relying on data. Data cost money. The 


only sure way to get the most out of } 
data for the money and effort put into | 


getting it is through the application of 
modern statistical tools. This, then, isa 
second compelling reason why engineers 
should study statistics. 


The Engineer and the Industrial Picture § 


American industry, which is by all 
odds the heaviest consumer of engineer- 
ing graduates, is becoming increasingly 
“statistics-conscious.” It is virtually cer- 
tain that this trend will increase rather 
than diminish in the foreseeable future. 

During World War II, statistical pro- 
cedures and statistical thinking were suc 
cessfully injected into wide segments of 
American industry where they had never 
been heard of before. Since 1945 there 
has been a steady advance in the success- 
ful application of statistics all along the 
industrial front. In the mechanical, 
electrical, chemical, metallurgical, food- 
processing, textile, and many other fields 
overwhelming evidence is available to at 
test the value to industry of properly 
applied statistical techniques. In the field 
of statistical quality control alone there 
is an almost feverish activity to get e 
isting personnel trained in the principle 
and practice of this new management 
tool. 

As an inevitable consequence, industry 
is going to ask the engineering appl: 
eants it interviews “How many credit 
hours in engineering statistics have yol 
had?” And it is going to give prefer 
ence to the man who can present evidence 
of such training. This sort of preferet- 
tial interest in the engineering student 
who has had training in statistics # 
already happening, but pressure in this 
direction has really just begun. 
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When American industry decides it 
will buy a new tool, as it is rapidly 
deciding it wants engineers with training 
in statistics, it calls for delivery right 
now, and in carload lots! As of today, 
the engineering colleges in this country 
simply are not meeting adequately the 
challenge their best market for engi- 
neering graduates is beginning to throw 
at them. Courses in statistics designed 
specifically for engineering students must 
be provided because the demand for en- 
gineers with such training cannot be 
ignored much longer. 

Moral: engineers should study sta- 
tisties because such training will open 
the door to better jobs for them. 


Where Should Courses in Engineering 
Statistics be Given? 


In the undergraduate program, the 
ideal spot is toward the end of the junior 
year or the beginning of the senior year. 
By this time the student has begun to 
acquire a maturity and background 
against which the instruction in sta- 
tistics can be made operationally mean- 
ingful. At this level the introduction 
to statistics sheds much light on what 
the student has already experienced in 
his previous engineering courses and pre- 
pares him to take fuller advantage of 
the course work remaining. 

Undergraduate courses in statistics are 
already an integral part of most pro- 
grams leading to a degree in Industrial 
Engineering. As a starter such courses 
could be offered as electives to students 


_ in programs leading to other degrees in 


engineering. Eventually, however, engi- 


| neering colleges must face up to the nec- 


essity of providing at least a general, in- 
troductory course in statistics for engi- 
neers and the desirability of placing this 
course on the required list in all engi- 
neering programs. 
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At the graduate level, there should be 
provided as a prerequisite to candidacy 
for a degree a course in statistics em- 
phasizing the philosophy and basic tech- 
niques of experimental design and re- 
lated topics as they apply to the treat- 
ment of engineering data. Admittedly 
this is an ideal not generally attainable 
in the very near future in many engi- 
neering schools because of the lack of 
qualified personnel to teach such a course 
if for no other reason. It is, neverthe- 
less, a worthy ideal whose attainment 
would contribute substantially to more 
effective research in graduate programs. 
Something like this will ultimately be 
achieved by those engineering schools 
that offer graduate work and do not as 
yet have courses in statistics at this level. 

Finally, engineering schools can ren- 
der a very genuine service to the in- 
dustrial communities they serve by mak- 
ing available on a part-time basis, or 
through the medium of short, intensive 
training sessions, a series of down-to- 
earth, practical courses in engineering 
statistics for men already in the field. 
A number of engineering colleges all 
over the country are already doing just 
this with notable success. 

These courses generally go under the 
name of “statistical quality control,” 
but they are nevertheless essentially 
courses in engineering statistics. Their 
conspicuous and sustained success in 
nurturing the statistical viewpoint among 
engineering personnel, often long since 
graduated from formal college classes, 
could and should provide engineering 
college administrators with a wealth of 
illuminating clues both as to the value 
of statistics for engineers and as to the 
course content and the nature of the in- 
struction best suited to engineering needs. 











Courses in Statistics for Engineering Students 


What and How Statistics Should be Taught 
to Engineering Students 


By IRVING W. BURR 
Professor of Mathematics, Purdue University 


A. How to Teach Statistics to the 
Engineering Student 


Although there is a growing tendency 
to use the statistical approach in engi- 
neering and science courses throughout 
the curriculum, this movement is just at 
its beginning as compared with what we 
may expect in the future. With due con- 
sideration to space it seems best to avoid 
discussion of this broad problem and to 
limit ourselves to statistics courses as 
such. 


Theory vs. Applications 


Because of the crowded nature of our 
engineering curricula, we must of neces- 
sity use the scalpel on what we would like 
to have the student carry away from the 
course. Commonly a single statistics 
course is all that the engineer can take. 
We therefore must choose a proper bal- 
ance between the applicational and the 
theoretical aspects of the subject matter. 
Since we cannot do full justice to both, I 
believe the emphasis should be on the 
former rather than the latter. We should 
certainly aim at seeing that for each tech- 
nique the student knows clearly what it 
is, how to use it, how to interpret it and 
what its limitations are. Then in, and 
around this, we can give him as much 
derivation and mathematical justification 
as we can. The importance of good, live, 
up-to-date applications can hardly be 
overemphasized. Engineers are mostly 
intensely practical people and they like 
to see how the methods can be counted 
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upon to help them in their own futur 
(and present) work, Applications, esp 
cially if out of the instructor’s own a. 
perience, have great value in motivation 
Selling the student on the importanee ¢ 
the subject matter, whether done co. 
sciously or unconsciously, is an integnl 
part of the successful statistics course, 


Use of Demonstrations 


Often times as a supplement to deriv. 
tions or as a substitute, demonstration 
ean be very effective. With dice, nu- 
bered chips, beads, ete. we can illustrate 
innumerable statistical situations. Sud 
demonstrations as control charts in co 
trol and then with assignable causes it 
troduced, sampling from a stratified si 
uation, the approach of sample mean di 
tribution toward normality, sample % 
population, significance of difference, 
analysis of variance, acceptance samplix 
with attributes and variables, sequentil 
analysis, and samples of correlation dats 
can all be of much interest to the i 
structor as well as the student. 
strict sense such demonstrations are not! 


substitute for mathematical derivation | 
but (a) they do motivate the student al} 


illuminate certain aspects of statistits 
and (b) the student can use such demo 
strations to help teach and sell othes 
who have little mathematical backgrou! 
It is possible moreover to use division 
labor, each student drawing several sal 


Tn | 





ples, and thereby to learn somethix 
about such unsolved problems as the sa 
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pling distribution of ranges and standard 


deviations from skewed populations. 
Finally we may say that the more avenues 
we use to instruct and convince the stu- 
dent, the better. 


How Many Courses? 


Being in the fortunate position of being 
able to require mathematics through the 
calculus as a prerequisite, much can be 
accomplished in a one-semester course. 
Most junior or senior engineering stu- 
dents, however, are handicapped by a 
lack of industrial experience. Accord- 
ingly many of them have difficulty in 
understanding the practical implications 
of the subject matter. The writer be- 
lieves that for a one or even a two- 
semester program, the main emphasis 
should be on applications. On the other 
hand, if the student can take four courses, 
perhaps as an undergraduate and gradu- 
ate, then two applicational courses taken 
in conjunction with two courses in theo- 
retical statistics provide an _ excellent 
background. 


Calculation 


Some attention should certainly be 
given to the matter of calculation. Hav- 
ing known only the slide-rule and loga- 
rithms, most engineering students derive 
much pleasure out of learning what a 
modern calculating machine can do in 
cumulating answers and in combination 
problems, The importance of efficient 
caleulational technique may be empha- 
sized by saying that a statistical technique 
is often practical or not depending solely 
upon how long it takes to calculate the 
results. When one considers that inef- 
ficient computation may take twenty 
times as long as proper methods, it is ob- 
vious that some attention should be paid 
this subject. 


The Statistical Attack 


If toward the end of his course the stu- 
dent still thinks of statistics as a bunch 
of rather isolated and unrelated tech- 
niques, the course can hardly be called a 
success for him. He should have begun 
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to sense the essential unity of statistical 
technique. He should have seen that 
statistics is largely concerned with the 
measurement and control of random 
variation, and should be able to recognize 
the statistical aspects of practical engi- 
neering problems and research. 

We can encourage this (a) by fresh 
problems that do not relate only to im- 
mediately preceding subject matter, (b) 
by problems which point forward and 
give the student opportunity to develop 
some of the succeeding technique, (¢) by 
giving some problems with little or no 
instructions, letting the student choose the 
attack, (d) by reading in class letters 
from off-campus asking statistical ques- 
tions, (e) by giving some of the back- 
ground of problems and showing the 
fumbling which was done before it be- 
came obvious that there was a statistical 
tool available, (f) by discussion in class 
of the different ways in which industrial 
and research organizations have planned 
for statistics, (g) by suggested readings 
of articles by industrial men on how they 
got started, and what applications they 
have made, and (h) by field trips and 
having industrial men in to speak. 


The Instructor 


For most effective presentation the 
instructor should be a mathematical stat- 
istician with much industrial background 
and acquaintance with engineers, or an 
engineer with a broad technical back- 
ground and much theoretical and practi- 
cal statistics. Neither category of people 
is exactly a glut on the market. 


B. What Statistics to Teach the 
Engineering Student 


There is at present an almost unlimited 
menu from which to choose topics for, 
say, a two-semester course in statistics. 
The following outline is presented as 
fundamental statistical material, all of 
which an engineer is likely to find useful 
if he goes very far in statistical applica- 
tions. They are listed in very roughly 
the order in which they might be pre- 
sented. The outline obviously cannot be 
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covered if we try to do a complete job 
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of the mathematical statistics in addition 
to applications, demonstrations and calcu- 


lational methods. 
to place more emphasis on the applica- . 


It seems best to me 


tion of the methods than on the theory, 
in order to cover as much ground as 
possible. 


Outline of Topics 


1, Frequency tabulation and graphs. 


table. 


Including the cumulative frequency 
Basic tools, which are sufficient 


to solve some practical problems alone. 
2. Arithmetic mean, range, standard devia- 
tion. 


Bringing in the concepts of average 


and variability. Calculations with raw 


and frequency data. 


a 


Scarcely more than 
definition of median, mode and aver- 


age deviation. 
3. Concept of sample vs. population. 


Some theory and experiments to il- 


lustrate the principles in action. 
4. Moments. 


Efficient calculation, interpretation, 


omit ‘‘platykurtic,’’ ete. 
5. The normal curve. 


As the basic or first approximation, 


theoretical frequency curve. 
6. Control charts for measurements. 


ao of 


. Averages (A.M.) and range 

. Standard deviations 

. Many applications 

. Special topics like varying sample 


sizes, per cent out of specifications, 
ways of taking samples, tool wear, 
modified control limits, stratified data, 
large sample sizes. 


7. Other frequency distributions and prob- 
ability. 


Emphasis on the Pearson type III. 


Simple probability leading to hyper- 


geometric, binomial and Poisson. 


Use 


of table and recursion calculation, ap- 
proximations. 
8. Control charts for attributes. 


Charts for fraction defective and num- 


ber of defectives and of defects. 
9. Acceptance sampling for attributes. 


Principal emphasis on Joint Army- 


Navy tables, but also some material on 
Army Ordnance and Dodge-Romig. Em- 
phasis on the operating characteristic 
curve and other ways of analyzing a 


sampling plan. 


1, 


13. 


14. 


15. 


16. 


i. 


18. 


19. 


20. 


22. 


23. 


10. 


Linear correlation. 
Ungrouped and grouped data. Mostly 

fitting by least squares. 

calculation. 

Sample vs. population. 
For tests on mean and standard devia. 

tion, attributes, correlation coefficients, 

Confidence limits. 


. Significance of differences. 
The same statistics as in 11, and al 


average ranges for comparison of eon 
trol chart variabilities. Technique using 
differences of paired items. 

Analysis of variance. 

Simple designs through Greco-Latin 
squares and factorial designs, with ani 
without replication. 
charts. Bartlett’s test for variabilities, 
Tests for existence of correlation ani 
linearity. 

Chi-square test. 

Goodness of fit, contingency tables. 
Design of experiments. 

Emphasis on importance of design. 
Plan vs. ‘‘ Here is some data. What can 
I do with it?’’ 

Statistics of combinations. 

Sums, differences, some work on prod: 
ucts and quotients. Errors in compu 
tations. 

Acceptance sampling for measurements. 

Use of control charts. Single sam- 
pling to match two points on the op 
erating characteristic curve. Reductio 
of sampling. 

Sequential analysis. 

Attributes and measurements (aver 
ages, two cases, and variability). 
Curve-fitting. 

Least squares, transformations to lit 
earize, selected points for otherwise tw 


difficult problems, goodness of fit, a [ 


bitrariness of curve-fitting. 
Multiple correlation. 


Significance tests. 
Analysis of covariance. 

Several cases, a good opportunity t 
review analysis of variance. 
Other correlation methods. 

Biserial and tetrachorie correlatio, 
reliability, effect of range of data updo 
correlation coefficient. 

*¢What does it all mean?’’ 

Comparison, unification and review 0 
material. 
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The foregoing is a list of what an engi- 
neer can use if in a position involving 
many statistical problems. Any or all 
of the techniques can easily prove useful 
to a practicing engineer. Naturally they 
are not all of equal expectation of use 
to any one engineer nor any group, so 
some selection, different order or empha- 


David L. Arm, Dean of the School of 
Engineering at the University of Dela- 
ware, has been granted a leave of ab- 
sence for one year to participate in an 
educational program sponsored by E. I. 
duPont de Nemours and Company, Ince. 
Dean Arm is the first of a number of en- 
gineering school administrative officers 
who will be invited to participate in this 
program. These engineering college of- 
ficials will be given an opportunity to 
study, from a top management view- 
point, the operation of the engineering 
department of this corporation. The 
duration of the program is one year, and 
the participants will be assigned for vary- 
ing periods of time to the different divi- 
sions of the engineering department 
where they will have an opportunity to 
study not only the relationship of the 
divisions of the engineering department 
to each other, but the relationship of the 
engineering department to the activities 
of the company as a whole. They will 
inspect various operating plants and will 
visit some of the new construction ac- 
tivities of the company. The duPont 
Company is establishing this program to 
provide a closer liaison between engi- 
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sis is only to be expected. It is possible 
to include material on about the first ten 
topics in a one-semester course. The 
whole outline probably includes too much 
for two semesters, but does give an idea 
as to the desirable statistical background. 
Adequate references should be given for 
further study by the students. 


College Notes 


neering activities in industry and engi- 
neering educational programs in the 
colleges. 


Graduate students and faculty mem- 
bers from five California universities 
and engineers from San Francisco Bay 
Area firms will meet at Stanford this 
summer for the fourth annual Heat 
Transfer and Fluid Mechanics Institute. 
Professor A. L. London of Stanford’s 
department of mechanical engineering 
announced today that serveral hundred 
scientists would meet June 20-22 to 
keep in touch with the latest advances 
in the fields of heat transfer, fluid 
mechanics, and related subjects. 


The appointment of Dr. Charles Stark 
Draper as Head of the Department of 
Aeronautical Engineering at the Massa- 
chusetts Institute of Technology was an- 
nounced by Dr. James R. Killian, Jr., 
President of the Institute. Dr. Draper, 
professor of aeronautical engineering, has 
been deputy head of the department as 
well as director of the Instrumentation 
Laboratory, which he will continue to 
administer for the time being. 








A Survey of Faculty Teaching Loads 
in Chemical Engineering 


By MELBOURNE L. JACKSON 


Assistant Professor of Chemical Engineering, University of Colorado 


The colleges and universities of the 
United States have recently passed 
through a period of peak enrollments fol- 
lowing the war. Almost all engineering 
divisions have undergone rapid expan- 
sion with great enlargement of teaching 
staffs. This is an opportune time for a 
re-examination of teaching duties. As 
teaching loads become less, it might be 
expected that more time would be al- 
lowed for such professional pursuits as 
research, writing and active participa- 
tion in the chosen field. An examina- 
tion of teaching loads would form the 
starting point for such an evaluation, 
and for this purpose a survey of present 
and desirable practice was made. Al- 
though the results apply specifically to 
the field of chemical engineering, they 
may be of interest to other branches of 
engineering. 

It is readily apparent that a teaching 
load depends on many things. Several 
attempts have been made to relate all 
the factors involved by a formula but 


most institutions prefer not to follow such © 


a formal procedure. It was thought that 
the actual course load being carried by 
teaching staffs in the various schools at 
a given time would serve as a basis of 
comparison. The questionnaire submitted 
was short and asked ten questions, each 
of which could be answered by a number. 
Assurance was made that the identity of 
the various schools would remain con- 
fidential. The questionnaire requested in- 
formation as of Spring, 1950 and is re- 
produced below: 
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Teaching loads per full-time staff members; 
Actual credit hours ..........<.ceun 
Actual contact hours per week .......... 
Desirable number of credit hours ...... 
Allowance for laboratory supervision 

(credit hours per contact hour) ...... 
Allowance for graduate thesis super- 
vision (credit hours per student) ...... 


Chemical engineering students and teaching 
staff : 
Number of undergraduate Juniors ...... 
Number of undergraduate Seniors ... 
Number of graduate students .. 
Number of full-time faculty .. 
Number of part-time faculty .......... 


One hundred six schools were ciret- 
larized and it is believed that this con- 


prised all the institutions in the Unitel) 


States which offer a curriculum in cheni- 
cal engineering. It included the 60 2 
credited schools and the 92 institutions 
having student chapters of the America 
Institute of Chemical Engineers as pub- 
lished in the 1950 Year Book of this 
society. 

A total of 86 replies were received, a 
81% of the questionnaires submitted. Of 
these, 83% of the accredited institution 
responded and 78% of the non-accredited 
Also, 80% of those schools having student 
chapters replied. In all but a few cass 
the reply card was signed by the head o 
the department. The results of the su: 
vey may therefore be considered as relit 
ble and significant. 

The average results are given in Table 


I. Ten of the accredited schools a) 


swered the first question as actual teach 
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TABLE I 
SUMMARIZED REPLIES TO QUESTIONNAIRE ON TEACHING LOADS 
: Credit Hours | Credit Hours | Students per | Students 
creGtttlare | credt'Hours | ours’ | pet Labora | per Graduate | “Pull-Time |Full: Plug Bart 
Accredited Institutions 
Including allowance for thesis supervision: 
11.3 10.8 14.8 0.54 1.0 22.8 18.1 
Excluding allowance for thesis supervision: 
Ss --I 7.0 
Non-accredited Institutions 
10.6 10.3 14.7 0.48 1.0 16.0 14.9 
All Institutions 
10.9* 10.6* 14.7 0.51 1.0 20.0 16.8 
Minimum 
7.5* A 9.0 0.33 0 6.8 5.4 
Maximum 
18.0 16.0 30.0 1.0 3.0 78.4 56.3 




















* Excludes those replies giving teaching loads without an allowance for graduate thesis 


supervision. 


ing hours excluding allowance for gradu- 
ate thesis supervision. The results for 
this group are therefore reported sepa- 
rately. The last two columns represent 
an attempt to evaluate the ratio of num- 
ber of students to number of teaching 
staff. This was done in an arbitrary 
manner, both with respect to the staff 
and students. The total number of stu- 
dents was taken as the sum of the junior 
and senior, and graduate students. This 
was considered justifiable since the major 
teaching load falls within these groups. 

















TABLE II 
DIsTRIBUTIONS OF TEACHING LOADS 
Actual Desirable 
Credit Hours Credit Hours* 
Under 8 15% 15% 
8-10 30 42 
11-13 41 36 
14-17 13 7 
Over 17 1 0 
100% 100% 











_* Excludes those replies giving teaching loads 
without allowance for graduate thesis super- 
vision. 


It does not include any aecounting for 
those courses taught in chemical engi- 
neering departments as service courses 
for other departments. Also, it excludes 
sophomore students who ordinarily take 
few, if any, chemical engineering courses 
during this year. Two values are given: 
one as the ratio of students to full-time 
staff only, and the other as the ratio of 
students to full-time plus part-time staff. 
For the latter purpose a part-time staff 
member was considered to carry one-third 
of a full load. The distributions of some 
of the data are given in Tables II and 
III. 

















TABLE III 
DIsTRIBUTIONS OF STUDENT-STaFF Ratios 
Students per /|Students per Full- 
Full-Time and ime 
Staff Member Staff Member 
Under 10 9% 138% 
10-14 27 32 
15-19 31 36 
20-29 21 12 
Over 30 12 7 
100% 100% 
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There is no significant difference in the 
replies of accredited and non-accredited 
institutions except in the case of the stu- 
dent to teacher ratio. Some accredited 
schools had very large ratios. The num- 
ber of actual and desirable credit hours 
of teaching load are very nearly the same. 
Eighty-five % reported desirable loads of 
12 credit hours or less, and 55% of 10 or 
less. For actual contact hours 87% gave 
20 or less per week, and 62% as 15 or 
less. 

In making allowance for laboratory in- 
struction, values of %, %4, and % credit 
hours per laboratory hour were common 
with 72% reporting % or less. The ques- 
tion of allowance for graduate thesis 
supervision received the most varied and 
inconsistent answers. Seventy-one schools 
reported having one or more graduate 
students but only 42 gave any considera- 
tion for thesis supervision on teaching 
load. Ten reported that no allowance at 
all was made and a number either left 
the question blank or made comments by 
way of explanation. Most of the latter 
were schools having only a very few 
graduate students and most were not ac- 
credited. Based on the 42 schools actu- 
ally reporting an allowance, the value 
would be 1.4 credit hours per student. 

Comments were invited and a number 
were received. Some of these will be 
passed along because they were made by 
leading educators and may indicate a 
trend of thought. 

It was one man’s “. . . theory that loads 
are always too high and it is desirable to 
get them as low as you can.” Another 
says, “... . allowances are made for the 
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first time a course is taught, the number 
of different sections of the same course, 
hard or easy courses, graduate or under- 
graduate courses.” Concerning gradu. 


_ate thesis allowance, “. . . some schools 


are very much inclined to dodge the is. 
sue,” and another, “. . . allowance for 
graduate thesis supervision is so variable 
that we have no standard allowance.” 
Others, “. . . extra allowance is given for 
graduate courses and evening classes,” 
“,.. a maximum of three courses at any 


one time is permitted,” “...a man doing | 


little or no research carries a_ heavier 
teaching load,” “. . . help the staff doa 
better job by giving them clerical and 


grading assistance,” “. . . try to balance | 


job time in considering laboratory and 
graduate thesis allowances.” 


And perhaps by way of conclusion: | 
“Tt is a known fact that graduate work in [| 
an engineering school tends to improve | 


the quality of undergraduate teaching, 
that research is necessary in order that 
there may be a graduate school of high 
quality,” and “You cannot overload a 
teacher. He has just so much physical 
strength, so much mental strength and 80 
much mastery of his subject matter field. 
He just spreads himself thinner. He 
does meet his classes but he does not use 
as much preparation time, he does not 
use as much grading time.” 

It is hoped that this survey will en- 
courage a re-examination of present 
teaching loads and duties with a view to 
offering additional incentives to the pro- 


fession of teaching by allowing more time f 


for course preparation and appraisal, re 
search, writing and consulting. 


College Notes 


The recently completed Alumni Scien- 
tific Laboratories Building at Drexel 
Institute of Technology more than dou- 
bles the space for engineering by adding 
over 45,000 feet of floorspace. The addi- 
tional space is required for engineering 
because of the further development of 


Drexel’s undergraduate curricula, addi- 
tion of graduate studies leading to the 
Master of Science degree, and the addi- 
tion of a program leading to the Bache 
lor of Science degree in the Evening 
School. 
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Style in Engineering Writing 


By EARL S. LAMM 


Assistant Professor of General Engineering, Purdue University 


Most engineering students object to 
taking a course in engineering writing 
because they feel that skill in expressing 
themselves is not necessary for success 
in their chosen field. Many students who 
have had some previous experience in in- 
dustry say that they know that writing 
courses are useless because throughout 
their experience they have never had to 
write a report which amounted to more 
than a form to be filled out. To bolster 
their argument they say that a successful 
engineer should be able to confine himself 
to engineering work and should have a 
secretary to write his reports for him. 

However it usually takes some time be- 
fore the graduating engineer arrives at 
a position which warrants a secretary. 
Even after he has had a full time secre- 
tary assigned to him he will be unpleas- 
antly surprised to find that he still must 
compose the greater part of his reports 
himself. Throughout his introductory 
period in industry his ability will be 
judged by the type of reports he can turn 
out by himself. True, in most starting 
jobs an engineer will not have to write 
detailed reports or long technical articles. 
But as he advances in his profession he 
frequently finds that his time is taken up 
more and more by administrative duties 
and that one of his chief responsibilities 
is to describe his work and that of his 
section or department clearly, concisely, 
and logically: a task for which his re- 
port writing classes in school should 
have prepared him. It is safe to say that 
a majority of engineering graduates find 
themselves handicapped at this stage in 
their career owing to their lack of skill 
in expressing themselves. 
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The fact that “clarity,” “conciseness,” 
and “logicality” in writing can not be 
defined accurately, together with the fact 
that in any given piece of writing it is 
almost impossible to point out just why 
these characteristics do or do not exist, 
makes it particularly hard for the student 
to judge the usefulness of practice writ- 
ing designed to help him attain these 
standards. Nevertheless the clearer, more 
concise, and more logical, a piece of engi- 
neering writing is, the better it serves its 
purpose. The writer’s style is an im- 
portant factor in helping to achieve these 
ends. 

The engineer should realize that there 
is no such thing as “good writing” ir- 
respective of the audience for which the 
writing is intended. What may be good 
writing from the point of view of one 
audience may be unintelligible to another. 
For example an engineer may be required 
to stop work on his research report to 
contribute a section on the work under 
his direction for a personnel department 
pamphlet entitled “What Your Com- 
pany Means to You.” Obviously he must 
make his style more informal, consider 
the use of some slang for effectiveness, 
and hold himself back when he feels like 
using “big” words. 


Classification of Styles 


Every writer’s style differs, but gen- 
eral styles of writing may be classified 
as follows according to the expressions 
that are used: vulgar, dialectal, slangy, 
colloquial, formal, literary. This clas- 
sification is by no means absolute: the 
same expression may be formal on one 
occasion, colloquial on another, and lit- 
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erary on a third. For example many per- 
sons entering the Armed Forces in recent 
years found that language which was con- 
sidered vulgar in their previous environ- 
ment had colloquial status in their new 
surroundings. 

Language is vulgar if it is objectionable 
to those people who have a reasonable 
amount of sensitivity about coarseness of 
expression. Owing in great part to our 
best-selling novels, the class of vulgar 
words is fast diminishing. Whether or 
not a word could be spoken in front of 
ladies used to be a good test for its vul- 
garity. This test is no longer reliable 
however. 

Colloquial language on the other hand 
is perfectly acceptable in ordinary con- 
versation. Even authors who write in the 
most literary style usually speak less 
formally than they write. This spoken 
language is described as colloquial. Col- 
loquialisms are those parts of colloquial 
language which are least formal. For 
example in saying, “I could see in a 
jiffy what was wrong with the way he 
bossed the job,” the expressions “in a 
jiffy” and “bossed” are colloquialisms. 
Colloquialisms are proper in, and often 
add color to everyday speech, but they 
are undesirable’ in conventional engineer- 
ing writing because their precise meaning 
is sometimes not widely known, owing in 
part to the range of emotional connota- 
tions which they may hold for the sepa- 
rate elements of the audience. An engi- 
neering report should be written in words 
whose meaning is clear and definite to all 
those to whom it is addressed. 

Dialectal writing is also unsuitable in 
engineering reports for a similar reason: 
a dialect is defined as a regional way of 
speaking which differs from the accepted 
standard for the country as a whole,. Re- 
ports written in dialect may be the acmes 
of clarity for those members of the 
audience who are at home in the particu- 
lar dialect, but they lack precise under- 
standability for the rest. 

Odd and tricky expressions which are 
in vogue but which are not authorized by 
the dictionaries and other standards of 








formal language. 
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correct usage are called slang. An ad. 
vantage of slang is that it is frequently 
more forceful and often expresses an 
idea in fewer words than colloquial or 
It is a useful device 
for attracting attention and is therefore 
often found in advertising copy. The 
fact that it carries many strong connota- 
tions makes it adaptable to humorovs 
writing. However slang should not be 
used in conventional engineering writing 
because it is frequently short-lived and 
its inclusion would limit the writing’s 


period of usefulness. Furthermore slang | 


expressions are likely to express different 
meanings to various sections of the 
audience. 


Literary Style For Engineers 


Instructors in engineering writing who 
deprecate vulgarisms, colloquialisms, dia- 
lect, and slang, often unintentionally 
send their students searching for big and 
high-sounding words with the result that 
the students attempt a highly literary 
style instead of a more serviceable formal 
style. Both formal and literary styles 
are acceptable from the lexicographer’s 
point of view. Their advantages over 
less formal styles is that the style it 
self causes a minimum of distraction from 
the contents of the writing. The con- 
comitant disadvantage is that the writ 
ing must rely almost entirely on its con- 
tent for interest. 

The main difference between formal 
and literary styles of writing lies in the 
choice of words. Most of the words in 
English are derived from either one of 


two sources: Anglo-Saxon (abbreviated [ 
AS.) and Latin (abbreviated L.). For | 


most people the Anglo-Saxon root words 


are the better understood, mainly because | 


they are more likely to have familiar as 
sociations. Latin root words were first 
introduced into English as a result of 
the Norman conquests, and for a long 
time their use was restricted to the gov 
erning classes. Ever since, there has 
been a continual addition of Latin root 
words to English, sponsored primarily 
by intellectual and literary leaders who 
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desired a vocabulary unencumbered by the 
precise, and therefore often coarse, mean- 
ings which the Anglo-Saxon root words 
had developed. For example, in a dispute 
among intellectual schools of thought it 
was probably safer to call an opponent 
a prevaricator (L. root) than to call him 
a liar (AS. root). At the highest levels 
of intellectual feudery the word “ter- 
minologicalinexactitudinarian” (L. root) 
might be used. 

Today the writer frequently has a choice 
between a Latin root word and a syn- 
onymous Anglo-Saxon root word. The 
Anglo-Saxon root word usually has 
wider audience acceptance while Latin 
root words are particularly serviceable as 
classification words because they are 
freer of concrete associations. For ex- 
ample, the word “protuberance” (L. root) 
is a good classification word. What is 
a protuberance? Compare it to the 
Anglo-Saxon root word “bump.” Every- 
one knows what a bump is—it’s a bump 
—a special kind of thing that sticks out. 
On the other hand a protuberance may 
be a bump; it may be a stud; or the end 
of a rod; or a person’s nose; ie., any 
element of the class of things that stick 
out. 

While the engineer usually needs to be 
clear and explicit, and, therefore, often 
prefers the Anglo-Saxon root words, the 
fact that Latin root words usually are 
more general in meaning makes them use- 
ful to him when he wants to present some 
fact less forcefully. Just as a “refined” 
author will use “perspiration” (L. root) 
instead of “sweat” (AS. root), so an en- 
gineer reporting on a company’s opera- 
tions might use “decline in activity” (L. 
root) instead of “slump” (AS. root), and 
“misappropriation” (L. root) instead of 
“stealing” (AS. root). This technique is 
effective not only because the Latin root 
word carries a less precise meaning, but 
also because frequently it includes condi- 
tions which do not come under the 
derogatory meaning of the word at all. 
For example, if an employee was “fired” 
(AS. root) there is no question about 
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what happened; however if his “services 
were dispensed with” (L. root), a loose 
interpretation would leave room for his 
not having been replaced after he volun- 
tarily left. 

The style of writing which abounds in 
Latin root words to the exclusion of 
simpler Anglo-Saxon root synonyms, and 
which in general seems to prefer the big 
word to the small word, is called literary. 
This style is alright for philosophers and 
social scientists, whose main stock in trade 
consists of concepts and classifications. 
Since philosophers actually do know more 
about transcendentalism (L. root) and 
anthropomorphism (L. root) than they 
know about God (AS. root) the literary 
style serves them to good purpose. How- 
ever the engineer is usually trying to ex- 
press something concrete and therefore the 
style which he should choose is the formal 
style. This style is free from vulgarisms, 
colloquialisms, dialect, and slang; it is 
also free from big words where a simpler 
word will do. It uses neither the short 
euts characteristic of the less formal 
styles nor the overelaborate constructions 
of the literary style. Though it lacks emo- 
tional appeal it is clear, concise, and 
logical. 

Here is an example of similar ideas 
expressed in some of the different styles 
compared above: 

(a) formal style: 

“The engineer should be aware of the 
applications of the scientific method to 
fields other than his own. For example, 
he should understand the basic principles 
of industrial psychology which result 
from the scientific study of human rela- 
tions, because if he is successful he will 
spend a surprisingly large part of his 
time in simply dealing with people.” 

(b) literary style: 

“A member of the engineering profes- 
sion should be cognizant of the utilization 
of the methods based on the systematic 
classification of knowledge in realms which 
are exclusive of his major field of pre- 
occupation. Focusing our attention on 
only one phase, we see that he must 
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necessarily be well grounded in the basic (c) combination slangy and colloquial 
psychological end-products of the dy- style: 

namics of the exploration and classifica- “A slip-stick artist’s gotta savvy how 
tion of anthropological relationships which the brainpower’s being worked in other 
fall within the range of industrial use- . rackets. Fer instance he’s gotta know 
fulness, since, as a responsible member the up-to-date ways of digging other 
of his profession, he will be required to — Pag the _Job, — el a s 15, 1! 
spend an astonishingly large proportion rate at e’s tripping over folks alll the preser 
of his time in interaction with other ‘ H. H 
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Minutes of Executive Board Meeting 


A meeting of the Executive Board of 
The American Society for Engineering 
Education was held on Thursday, March 
15, 1951, at Evanston, Illinois. Those 
present were: F'. M. Dawson, President, 
H. H. Armsby, A. B. Bronwell, L. E. 
Grinter, G. A. Rosselot, C. L. Skelley, 
F, E. Terman, and M. Wiltberger. 


Report of the Secretary 


The Secretary reported that the ap- 
plication of the Society for registration 
as a non-profit corporation in the State 
of Illinois had been tentatively accepted, 
pending the submission of certain official 
documents requested by the State. He 
also reported that the Westinghouse Edu- 
eational Foundation had agreed to con- 
tinue the George Westinghouse Award 
for another period of five years. An- 
nouncements and nomination forms for 
the Award have been sent to deans of 
engineering colleges and an announce- 
ment was published in the January is- 
sue of the Journal. 


Report of the Treasurer 


The financial report of the ASEE as 
of February 28, 1951 was presented, to- 
gether with a comparative statement for 
preceding years. The Treasurer re- 
ported that the income and expense for 
the year will probably be close to the 
amounts budgeted in the 1950-51 budget. 
Certain changes in accounting procedure 
with respect to the Special Projects Fund 
were recommended. 

The tentative budget for 1951-52 was 
considered. Final action on this budget 
will be taken at the June meeting. 

The Treasurer also reported that orders 
had been placed for two bronze replicas 
of the Lamme Medal and one gold medal 
in order to be certain of delivery before 
material allocations take place. 


Report of the Vice Presidents 


Vice President Armsby reported that a 
Clearing House Bulletin had been pre- 
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pared during the year to provide for an 
exchange of information among officers 
of Sections and Branches. This was in- 
tended to assist Section officers in plan- 
ning their meetings. 

Vice President Armsby called attention 
of the Board to the appointment of a 
Subcommittee of the ECAC Manpower 
Committee, which will endeavor to evalu- 
ate the number of students entering engi- 
neering colleges from Liberal Arts Col- 
leges, Junior Colleges, Technical Insti- 
tutes, and other sources. This informa- 
tion will provide a helpful supplement to 
the present college enrollment statistics. 

Vice President Armsby reported that 
four out of the five regional Subcommit- 
tees of the Society’s Committee on Atomic 
Energy Conferences have held meetings 
and considerable progress is being made 
in exchanging information on educational 
aspects of atomic energy. 

Vice President Armsby reported on the 
meetings of the Engineering Manpower 
Commission of the E.J.C., recent infor- 
mation released by the U. S. Department 
of Labor on the Outlook for Engineers, 
and the Point Four Program of the 
State Department. He stated that the 
Point Four Program proposes to ask 
some of the universities to undertake 
responsibility for educational phases of 
the program in certain countries to which 
teams are to be sent. 

Vice President Armsby reported on 
the proposed plan of the Office of Edu- 
cation to embark upon a new mobilization 
training program in engineering colleges 
similar to the ESMWT program. The 
Budget Bureau is currently consider- 
ing two proposals. One of these would 
place the administration of these pro- 
grams under the U. S. Office of Educa- 
tion, the other would provide for the 
educational programs to be administered 
individually by the corporations which 
have contracts with the government. It 
was suggested that schools which are in- 
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terested in this matter express their views 
to the Budget Bureau. 

Vice President Grinter reported that 
each of the Subcommittees of his Com- 
mittee on Improvement of Teaching has 
met. These Subcommittees are prepar- 
ing preliminary reports and a panel dis- 
cussion will be held at the first General 
Session at the Annual Meeting in June. 

Vice President Grinter reported that 
programs have been completed for the 
Summer Schools in Thermo-dynamics, 
Engineering Drawing, and Humanistic- 
Social Studies. A motion was passed 
that a Division of the Society be per- 
mitted to charge a registration fee not 
to exceed $1.50 per day for those attend- 
ing the Summer School. Within a rea- 
sonable time after the conclusion of the 
Summer School, the persons in charge 
would prepare an accounting of the 
funds received and return the balance 
to the Society to be allocated to the Divi- 
sion for their budget in future years. 

Upon the recommendation of Vice 
President Grinter, the Board agreed to 
send copies of the pamphlet “Speaking 
Can Be Easy” to the conference speakers 
on the program of the Annual Meeting. 

Vice President Terman reported that 
the Executive Committee of the ECAC 
met to complete the program arrange- 
ments for the Annual Meeting. The 
ECAC will sponsor the Thursday morn- 
ing General Session of the Annual Meet- 
ing. It is planned to obtain nationally 
prominent speakers on the subject of en- 
gineering manpower for this session. 
He stated that the Committee on Inter- 
national Relations of the ECAC is plan- 
ning a dinner meeting of international 
delegates, and that official invitations have 
been sent to engineering educators in 
various countries throughout the world. 
He also stated that a meeting restricted 
to ECAC delegates would be held to 
discuss administrative problems of engi- 
neering colleges. 

Vice President Rosselot reported that 
the amendments to the ECRC By-Laws 
had been submitted to the Research Coun- 
cil membership for balloting. He also 
reported that the Committee on Rela- 





MINUTES OF EXECUTIVE BOARD MEETING 









tions with Military Research Agencies 
is cooperating with the Research and 
Development Board in preparation of a 
survey of facilities and research poten- 


_tial available in American colleges and 


universities. It is hoped that this tabula. 
tion will be completed by April 1. He 
also reported that the application of 
Stevens Institute for membership in the 
ECRC had been approved. 


Proposed Amendments to Constitution 
and By-Laws 


An amendment to the Constitution 


providing for the establishment of Affili- | 


ate Branches of the ASEE in Technical 
Institutes was favorably voted by the 
Executive Board and General Couneil 
of the ASEE in June, 1950. Subse 


quently, the members of the Executive | 


Board questioned the advisability of fre- 


quent amendments to the Society’s Con- | 


stitution. Accordingly, President Davw- 
son asked the Committee on Constitu- 
tion and By-Laws to determine whether 
or not Technical Institute Branches 
could be authorized under the existing 
Constitution. The Committee expressed 
the opinion that such procedure would 
be entirely legal without amending the 
Constitution. Accordingly, the Exec- 
tive Board voted to establish a classifica- 
tion of Branches known as Technical In 
stitute Branches in affiliate member in- 
stitutions of the ASEE. In view of the 
General Council’s previous favorable a¢- 
tion on the Affiliate Branch amendments, 
the Executive Board deemed that it had 


authorization from the General Council | 


to proceed with specific authorization of 
Technical Institute Branches. Each it 
stitution desiring authorization of such 


a Branch would submit a request to the | 


Executive Board and final authorization 
of a particular institute Branch would be 
by action of the Executive Board. A 
motion to table the Constitutional amené- 
ments providing for Affiliate Branches 
was passed. 

An amendment to the By-Laws of the 
ASEE specifying the duties of the Treas 
urer and Secretary was favorably voted 


by the Executive Board and the General 
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Council at the June, 1950, meetings. 
These By-Laws amendments merely for- 
malize the working practice of the So- 
ciety. The question was raised as to 
whether these By-Law amendments 
should be submitted to the membership 
and voted upon at the June, 1951, meet- 
ing, or whether they should be deferred 
until other Constitutional amendments 
arise in the future. The Executive Board 
felt that the previous favorable vote of 
the Board and General Council were suf- 
ficient to define the responsibilities of the 
Treasurer and Secretary for the present, 
and that the amendment to the By-Laws 
could be deferred until such time as 
other Constitutional amendments seem 
appropriate. 


Revision of the ECPD Charter 


The Executive Board voted to recom- 
mend to the General Council the approval 
of the changes in the Charter of the 
ECPD as recommended by the ECPD on 
October 20-21, 1950. 


Engineering School Libraries Committee 
Program 


The Executive Board discussed a pro- 
gram proposed by the Engineering School 
Libraries Committee as outlined in a 
letter of Professor E. A. Chapman. The 
Board expressed sympathetic interest in 
the objectives as stated in the proposed 
program and resquested that implementa- 
tion of the program be discussed between 
the Engineering School Libraries Com- 
mittee and the Section Chairmen. 


Annual Meeting, June 25-29, 1951 


Dean L. I. Miller of Michigan State 
College reported on the progress of ar- 
rangements for the Annual Meeting at 
Michigan State College. He stated that 
Shaw Hall would be available to accom- 
modate 1200-1700 people. Two addi- 
tional dormitories can be made available 
is needed. 

Dean Miller reported that a “book 
plan” had been prepared, whereby each 
person attending the Convention would 
purchase a book covering the expenses 
of his room and meals for the balance of 
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the Convention up to Friday noon. Those 
arriving on the campus Monday fore- 
noon would pay: $25.40 for a man, $23.40 
for a woman, and $11.20 for a child. Per- 
sons arriving later in the week will pay a 
proportionately reduced amount. Each 
book will contain meal tickets for meals. 
There will be excellent facilities for chil- 
dren, including ice skating and swim- 
ming. 

Dean Miller stated that adequate facili- 
ties were available for conferences, 
luncheons, dinners, and the Banquet. An 
attendance of 2200-2500 could be han- 
dled on the campus. The luncheons and 
dinners will be held in the Union Build- 
ing. 

The Executive Board voted to approve 
the arrangements as proposed by Dean 
Miller and extended their appreciation 
to the Local Committee at Michigan 
State College for their excellent work in 
preparing for the Annual Meeting. 


Publicity Committee 


The Executive Board recommended ap- 
pointment of a Publicity Committee for 
the Annual Meeting and suggested that 
Professor Schmelzer of Rensselaer Poly- 
technie Institute be named as Chairman 
of this Committee. 


Teaching Aids Committee 


Professor Muhlenbruch, Chairman of 
the Teaching Aids Committee, reported 
that approximately $4400 had been col- 
lected for the Teaching Aids Fund. This 
Committee plans to launch its program of 
reviewing and evaluating teaching aids in 
the near future. Professor Muhlenbruch 
pointed out that some companies have 
requested technical assistance in the prep- 
aration of teaching aids intended for 
colleges. The Executive Board felt that 
this was a highly encouraging trend, 
since it would assure the engineering 
teaching viewpoint in the construction 
of teaching aids. However, the Execu- 
tive Board felt that members of the 
Teaching Aids Committee, who had as- 
sisted companies in the preparation of 
teaching aids, should not participate in 
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the evaluation of these particular teach- 
ing aids. 
Contribution to the E.J.C. 


The Manpower Commission of the | 


E.J.C. is being temporarily financed out 
of contributions from the participating 
societies. The E.J.C. plans to solicit con- 
tributions from industry in order to re- 
fund the contributions to the societies. 
A motion was made to appropriate 
$407.71 for temporary contribution to 
the E.J.C. as the ASEE part in this 
undertaking. 
Unity of the Profession 

The report of Dean Saville on the pro- 
posals of the E.J.C. Committee on Unity 
of the Profession was considered by the 
Executive Board. President Dawson 
urged each of the members of the Board 
to give the matter serious consideration 
and report their personal opinions to 
Dean Saville. The various proposals will 
be referred to the General Council at its 
meeting in June. 


Journal of Engineering Education 


The advertising rates in the JouRNAL 
oF ENGINEERING EpucaTION were reviewed 
by the Executive Board and an increase of 
approximately 15-20 per cent was author- 
ized. The Treasurer pointed out that 
the advertising rates in the JOURNAL 
are substantialy below those of similar 





journals with comparable 


eators and administrators. 


The Executive Board also voted the fol. | 


lowing increases in prices effective July 
1, 1951: Subscription to Journal from $ 
to $5; Proceedings from $3 to $4. 

The Executive Board reviewed the 
practice of the Society in granting pref- 


erential advertising space to certain ad- | 
vertisers. Advertisers now occupying | 
preferential space have patronized the | 
Society over the longest period of yearn | 
and have continued their advertising | 
throughout the depression years when) 
other advertisers dropped out. Th} 
Board recommended continuation of the) 
present practice. A suggestion that book | 


reviews be included in the JOURNAL was 


rejected, since if this practice was started, | 


it would be necessary to review books 


throughout the entire field of engnieer- ) 
ing in order to be impartial. This would 7 
require a very substantial amount of § 


JOURNAL space devoted to the review 
and would increase the cost of the 
JOURNAL substantially. 
Respectfully submitted, 
ARTHUR BRONWELL, 
Secretary 


Iw Memoriam 


Louis Clare Harrington, 71, Dean of 
the College of Engineering at the Uni- 
versity of North Dakota, died suddenly 
February 3, 1951, at Pittsburgh, Pa. Dr. 
Harington received his Bachelor of Sci- 
ence degree in Civil Engineering from 
the University of Michigan and the de- 
gree of Mining Engineer from the Michi- 
gan College of Mines. He was appointed 
Director of the Division of Mines and 
Mining Experiment at the University 
of North Dakota in 1931 and the follow- 


ing year became Dean of the Engineering 
College. In 1938 he became actively | 


circulation, | 
The Treasurer also suggested that a sub — 
stantial increase in advertising in the | 
Yearbook issue might be obtained if it F 
was pointed out to the advertisers that | 
this issue is most commonly used by edu. F 









bina eae a 





engaged as a consultant with the U. § 4 
Bureau of Mines and was active in } 
search. His interest in lignite develop f 


ment and friendly cooperation with th f 
| well as 


U. S. Bureau of Mines influenced th 
Bureau to build two pilot plants on the 
eampus and finally the Federal Lignite 


Laboratory, where they will conduct al § 
of their research on the Nation’s deposits § 
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Candid Comments 


Engineering Manpower Shortage 


Dear Mr. Bronwell: 


At a recent meeting sponsored by the 
Division of Relations with Industry 
held at Case School of Applied Science, 
I was chairman of the panel set up to 
discuss the present manpower shortage. 
At the meeting it was unanimously de- 
cided that our panel should give a brief 
report to the Society in support of the 
Manpower Commission of E.J.C. and 
the Manpower Committee of A.S.E.E. 

The consensus was that there were a 
number of points that should be sup- 
ported by the A.S.E.E. as follows: 


1. Both industry and the schools must 
assist in promoting high school graduates, 
with suitable background and ability, en- 
trance into engineering curriculum. 

2. Both industry and the schools should 
assist in providing part time activities 
for students working their way through 
college. 

3. The A.S.E.E. Code of Ethics must 
be followed and the colleges should en- 
foree the Code and make it known to all 
firms using their facilities. 

4. Although many colleges already have 
Alumni Placement Offices, this should be 
undertaken by all engineering colleges. 

5. The Society should wherever pos- 
sible stimulate the proper use of engi- 
neering manpower in the military services 
as well as in industry, and should sup- 
port in every way possible the findings 
of the so-called Thomas Committee as 
well as the recommendations of the Man- 
power Commission of E.J.C. 


6. We should encourage the armed 
forces to inaugurate a progression or pro- 
motion system in a technical way that 
would parallel the typical line commis- 
sion arrangement. 

7. Industry should again promote the 
utilization of training women in the engi- 
neering effort. 

8. Short specialized training programs 
should be promoted in the colleges. It is 
not wise to wait until production suffers 
in order to establish something like the 
ESMWT program of World War II. 

9. Industry should take immediate 
steps to eliminate non-technical duties 
from their engineering activities and 
utilize trained manpower to the fullest 
extent. 

10. Industry must assume responsi- 
bility in the training of men to assist in 
the engineering effort, must increase the 
use of graduates of technical institutes 
and the training of women to take over at 
least the more routine technical jobs. 


In summary, industry, the schools and 
the military must develop close coopera- 
tion to see that the technical and scien- 
tifically trained personnel are used to the 
greatest efficiency. We cannot afford 
under our existing economy to waste such 
personnel. 

March 6, 1951 


M. M. Borine, Manager 
Technical Personnel Division 
General Electric Company 
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The following applications for member- 
ship have been received in the Secretary’s 
Office and have been duly endorsed by two 
members of the Society. 


AsraMS, JOEL I., Instructor in Civil Engi- 
neering, Johns Hopkins University, Bal- 
timore, Md. J. T. Thompson, W. C. 
Boyer. 

AIKEN, WitL1aM A., Professor of History, 
Lehigh University, Bethlehem, Pa. W. J. 
Eney, G. E. Doan. 

Aul, AHMIN, Instructor in Civil Engineer- 
ing, Ohio University, Athens, Ohio. E. H. 
Gaylord, E. J. Taylor. 

ANDERSON, Epwin M., Instructor in Elec- 
trical Engineering, North Dakota Agri- 
cultural College, Fargo, N. D. H. S. 
Dixon, R. N. Faiman. 

Arwoop, Frances, Assistant Librarian, 
Northeastern University, Boston, Mass. 
M. White, W. C. White. 

Barr, CHARLES J., Assistant Professor of 
Engineering Drawing, University of Kan- 
sas, Lawrence, Kansas. A. 8. Palmerlee, 
L. 0. Hanson. 

Baker, MERL, Assistant Professor of Me- 
chanical Engineering, University of Ken- 
tucky, Lexington, Ky. D. V. Terrell, 
8. F. Adams. 

Baker, THoMas E., Associate Professor of 
Social Studies, Case Institute of Tech- 
nology, Cleveland, Ohio. H. R. Young, 
W. W. Culbertson. 

Barber, WILLIAM J., Assistant Professor of 
General Engineering, University of Ken- 


tucky, Lexington, Ky. D. E. Terrell, 
R. E. Shaver. 
Beck, Currorp K., Chairman, Physics 


Dept., North Carolina State College, 
Raleigh, N. C. J. H. Lampe, E. M. 
Schoenborn. 

BEcKER, Carb, Professor of Mathematics, 
Tri-State College, Angola, Indiana, J. G. 
Radcliffe. M. F. Rose. 

BrrgMan, WILLIAM C., College Employment 
Coordinator, Michigan Bell Telephone 
Co., Detroit, Mich, K. A. Meade, A. R. 
Hellwarth. 


New Members 
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BLYTHE, Davip K., Assistant Professor of 
Civil Engineering, University of Ken- 
tucky, Lexington, Ky. D. V. Terrell, 
R. E. Shaver. 

BockHorst, DayLe F., Instructor in Engi- 
neering Drawing, University of Kansas, 
Lawrence, Kans. R. S. Paffenbarger, 
L. O. Hanson. 

BosteD, Netson P., Chief Instructor, Com- 
munications Dept., Penn Technical In- 
stitute, Pittsburgh, Pa. K. L. Holder- 
man, R. E. McCord. 

Bowman, Cuetus E., Assistant Professor 
of Mechanics, University of Illinois, 
Urbana, Ill. W. L. Collins, A. Q. 
Mowbray. 

BRANCH, JAMES E., Professor of Architec- 
tural Engineering, University of Miami, 
Coral Gables, Fla. M. I. Mantell, M. E. 
Reeder. 

BRANSFORD, THOMAS L., Assistant Professor 
of Civil Engineering, University of Flor- 
ida, Gainesville, Fla. J. E. Kiker, F. 
Bromilow. 

Bray, Ropert S., Asst. Chief, Navy Re- 
search Section, Library of Congress, 
Washington, D. C. H. H. Armsby, A. B. 
Bronwell. 

BRENNAN, JOHN C., Representative, Person- 
nel, Ford Motor Company, Ann Arbor, 
Mich. A. R. Hellwarth, D. C. Hunt. 

CoHEN, RAYMOND, Instructor in Mechanical 
Engineering, Purdue University, Lafa- 
yette, Indiana. B. E. Quinn, J. B. Lusk. 

Comines, Epwarp W., Professor of Chemi- 
eal Engineering, University of Illinois, 
Urbana, Ill. H. F. Johnston, 8. Konzo. 

Conway, JoHN E., Director of Education 
and Training, A. O. Smith Corporation, 
Milwaukee, Wis. E. C. Koerper, F. T. 
Agthe. 

Cox, Dre.Bert R., Instructor in Mechanics, 
Missouri School of Mines, Rolla, Mo. 
R. Z. Williams, G L. Wilson. 

Crousz, CHarLES §8., Head, Mining and 
Metallurgy Depts., University of Ken- 
tucky, Lexington, Ky. D, V. Terrell, 
H. Adams. 
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EpMISTER, WAYNE C., Professor of Chemical 
Engineering, Carnegie Institute of Tech- 
nology, Pittsburgh, Pa. C. ©. Monrad, 
J. W. Graham, Jr. 

Exprivcz, JoHN W., Assistant Professor of 


Chemical Engineering, University of Vir- . 


ginia, University, Va. O. L. Updike, Jr., 
R. M. Hubbard. 

ELSEVIER, ERNEST, Instructor in Mechani- 
cal Engineering, Duke University, Dur- 
ham, N.C. F. J. Reed, R. 8. Wilbur. 

Etsey, Epwarp E., Associate Professor of 
Engineering Research, University of Ken- 
tucky, Lexington, Ky. L. E. Nollau, 
J. S. Horine. 

Enos, Grorce M., Professor of Metallurgi- 
eal Engineering, Purdue University, Lafa- 
yette, Ind. R. N. Shreve, F. L. Serviss. 

Farris, Hansrorp W., Assistant Professor 
of Electrical Engineering, University of 
Kentucky, Lexington, Ky. H. A. Romano- 
witz, E. A. Bureau. 

Frser, ANDREW A., Professor and Head, 
Aeronautical Engineering, University of 
Toledo, Toledo, Ohio. W. 8. Smith, W. F. 
Brown. 

Fretp, Lester M., Professor of Electrical 
Engineering, Stanford University, Stan- 
ford, Calif. F. E. Terman, J. M. Pettit. 

Foster, CHARLES I., Associate Professor of 
Social Studies, North Carolina State Col- 
lege, Raleigh, N. C. J. W. Shirley, G. A. 
Gullette. 

Foster, L. FERNALD, JR., Instructor in 
Speech, Purdue University Extension, 
Indianapolis, Ind. D. C. Metz, E. C. 
Susat. 

Fry, Freperic S., Assistant Professor of 
Mechanical Engineering, University of 
Denver, Denver, Colo. W. H. Parks, 
G. O. G. Lof. 

FuLtTon, CHarues D., Jr., Assistant Pro- 
fessor of Mechanical Engineering, Duke 
University, Durham, N. C. F. J. Reed, 
R. 8. Wilbur. 

Gour, CarL W., Associate Professor of 
Civil Engineering, University of Mary- 
land, College Park, Md. J. B. Cournyn, 
L. E. Otts. 

GRAHAM, FREDERICK M., Head, Civil Eng- 
neering, Prairie View A. & M. College, 
Prairie View, Tex. C. L. Wilson, L. B. 
Ryon. . 

Greaux, AustTIN E., Instructor in Archi- 
tecture, Prairie View A. & M. College, 
Prairie View, Tex. C. L. Wilson, L. B. 
Ryon. 


NEW MEMBERS 


GriFFIN, E. GLENN, Instructor in English 
Purdue University, Lafayette, Ind. H. A, 
Bolz, P. Fatout. 

HALIK, GLEN W., Assistant Professor of ¥ 
Engineering Drawing, 
College, East Lansing, Mich. 
Fullmer, O. W. Fairbanks. 

Harris, ANNA M., Instructor in Math & 
matics, North Carolina State College, 
Raleigh, N. C. H. H. Clayton, C.F § 
Strobel. ¢ 

Harris, Epwarp H., Instructor in Ci 
Engineering, Johns Hopkins University, | 
Baltimore, Md. J. T. Thompson, W. ¢. 
Boyer. r 

HARRISBERGER, Epcar L., Instructor in Me 
chanical Engineering, University of Utah 7 
Salt Lake City, Utah. W. J. Cope, B.D 
Baker. 8 

HENSEL, SaMvEt L., Jr., Assistant Professn 
of Chemical Engineering, Northeastern 
University, Boston, Mass. W. T. Aler © 
ander, ©. P. Baker. é 

Herr, Joun E., Jr., Instructor in Civil | 
Engineering, University of Louisville | 
Louisville, Ky. W. R. McIntosh, W. BE 
Wendt. 4 

HESSELBERTH, WILFRED M., Associate Pro 
fessor of Electrical Engineering, Purdue 
University, Lafayette, Ind. L. E. Beck, © 
G. V. Mueller. 

Houston, Haskewu S., Instructor in Draw § 
ing, Prairie View A. & M. College, Prairie © 
View, Tex. C. L. Wilson, L. B. Ryon. § 

Hunter, KENNETH, Instructor in Engineer | 
ing Extension, Pennsylvania State Col 
lege, State College, Pa. K. L. Holderman, 
R. E. McCord. 

IsHMAN, WILLIAM M., 
chanical Engineering, 
Miami, Coral Gables, Fla. 
J. H. Clouse. 

JACKSON, Harry J., Instructor in Mechani- & 
cal Engineering, Oregon State College, F 
Corvallis, Ore. R. F. Steidel, Jr., L. AP 
Clayton. 

James, RicHarp E., Assistant Professor of F 
Mechanical Engineering, New Mexito § 
College of A. & M., State College, N. MF 
A. M. Lukens, J. P. Morgan. : 

JOHNSON, Harry W., Assistant Profess § 
of Aeronautical Engineering, University 
of Kansas, Lawrence, Kans. W. i 
Simpson, L. O. Hanson. 

JurGens, Orto, Instructor in Civil Eng: 
neering, South Dakota State College, Cd: 
lege Station, S. D. E. E. Johnsot, 
J. W. N. Fead. 
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KececiocLu, Dimitri B., Instructor and 
Graduate Research, General Engineering, 
Purdue University, Lafayette, Ind. H. A. 
Bolz, R. G. Sturn. 

Kerker, Mitton, Assistant Professor of 
Chemistry, Clarkson College of Technol- 
ogy, Potsdam, N. Y. C. Penrose, H. L. 
Shulman. 

KiamMM, CLARENCE F., JR., Assistant Pro- 
fessor of Electronics, U. S. Naval Post- 
graduate School, Annapolis, Md., H. M. 
Wright, E. G. Goddard. 

KraMER, LAWRENCE A., Assistant Professor 
of Electrical Engineering, Purdue Uni- 
versity, Lafayette, Ind. D. D. Ewing, 
E. M. Sabbagh. 

Kyrata, FrepD, Associate Professor of 
Chemical Engineering, University of Kan- 
sas, Lawrence, Kans. S. A. Mills, L. O. 
Hanson. 

Lamp, Benson J., JR., Instructor of Agri- 
cultural Engineering, Ohio State Uni- 
versity, Columbus, Ohio. G. W. McCuen, 
C. E. MacQuigg. 

LecLerc, ANDRE, Assistant Professor of Hy- 
draulic Engineering, Ecole Polytechnique, 
Montreal, Que., Canada. H. Gaudefroy, 
R. Boucher. 

Lesow, Mitton J., Assistant Professor of 
Engineering Mechanics, Wayne Univer- 
sity, Detroit, Mich. F. R. Beyer, G. P. 
Loweke. 

Lewis, Pavut E., Associate Professor of 
Mathematics, North Carolina State Col- 
lege, Raleigh, N. C. C. F. Strobel, M. H. 
Clayton. 

Lortzes, JOHN C., Assistant Professor of 
Chemical Engineering, Purdue University, 
Lafayette, Ind. W. J. Luzadder, H. A. 
Bolz. 

Maney, CHaRLEs T., Assistant Professor of 
Electrical Engineering, University of Ken- 
tucky, Lexington, Ky. E. W. Bureau, 
D. V. Terrell. 

Mann, JoHN H. C., Professor of Structural 
Engineering, Virginia Military Institute, 
Lexington, Va. R. J. Trinkle, J. A. 
Jamison, Jr. 

Marr, Robert A., JR., Professor and Head, 
Civil Engineering, Virginia Military In- 
stitute, Lexington, Va. R. J. Trinkle, 
J. A. Jamison, Jr. 

Mrncrr, Karu, Professor of Mathematics, 
Illinois Institute of Technology, Chicago, 
Il. J. T. Rettaliata, G. Pall. 


Meyer, ANDRE J., Professor of Mechanical 
Engineering, University of Kentucky, 
Lexington, Ky. E. B. Penrod, D. V. 
Terrell. 

MILLER, CLEoPHAS W., III, Instructor in 
Electrical Engineering, Prairie View A. 
& M. College, Prairie View, Tex. C. L. 
Wilson, L. B. Ryon. 

MorGan, JAMES M., JR., Assistant Profes- 
sor of Mechanics and Drawing, Virginia 
Military Institute, Lexington, Va. R. J. 
Trinkle, J. A. Jamison, Jr. 

MUELLER, RoBerT F., Instructor in Draft- 
ing, Milwaukee School of Engineering, 
Milwaukee, Wis. S. A. Eng, A. P. Jones. 

Myers, JOHN E., Assistant Professor of 
Chemical Engineering, Purdue Univer- 
sity, Lafayette, Ind. R. N. Shreve, T. C. 
Doddy. 

NEMECEK, I. W., Assistant Professor of 
Mechanical Engineering, University of 
Kansas, Lawrence, Kans. H. L. Kipp, 
A. N. Paul. 

OLSEN, LAWRENCE E., Instructor in Engi- 
neering Drawing, Wilson Branch, Chicago 
City Junior College, Chicago, Ill. F. X. 
Henke, L. F. Prazda. 

Pace, RicHarD T., Assistant Professor of 
Civil Engineering, University of Kansas, 
Lawrence, Kans. T. F. McMahon, L. O. 
Hanson. 

Pass, VINCENT L., Instructor in Archi- 
tectural Engineering, University of Texas, 
Austin, Texas. W. W. Domberger, P. M. 
Ferguson. 

PENDLEY, LAURENCE C., Assistant Professor 
of Civil Engineering, University of Ken- 
tucky, Lexington, Ky. R. E. Shaver, 
F. J. Cheek, Jr. 

PHILLIPS, Emory B., Professor of Electri- 
eal Engineering, University of Kansas, 
Lawrence, Kansas. D. G. Wilson, W. P. 
Smith. 

Ramsay, Ropert H., Professor of English 
and Speech, Tri-State College, Angola, 
Ind. L. S. Ax, J. G. Radcliffe. 

REED, EpwarpD A., Asst. Dept. Chairman, In- 
dustrial Engineering, General Motors In- 
stitute, Flint, Mich H. M. Dent, C. A. 
Brown. 

RELICH, NicHoLas, Instructor, Technical 
Extension, Purdue University, Indian- 
apolis, Ind. E. C. Susat, L. Marcus. 

RENN, RAYMOND W., Associate Professor of 
Civil Engineering, University of Cin- 
cinnati, Cincinnati, Ohio. H. K. Justice, 
H. C. Messinger. 
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RENZEMA, THEODORE §S., Professor of 
Physics, Clarkson College of Technology, 
Potsdam, N. Y. W. H. Allison, F. F. 
Piper. 

RITTENHOUSE, JOSEPH W., Assistant Profes- 


sor of Electrical Engineering, Missouri’ 


School of Mines, Rolla, Mo. 
D. S. Eppelsheimer. 

RorscH, FRANKLYN W., Instructor in Me- 
chanical Engineering, Rensselaer Poly- 
technic Institute, Troy, N. Y. G. K. 
Palsgrove, N. P. Bailey. 

Rorry, RatPH M., Instructor in Mechanical 
Engineering, Michigan State College, East 
Lansing, Mich. D. J. Renwick, L. C. 
Price. 

Rust, Howarp O., Assistant Director of 
Engineering Shop Practice, University of 
Kansas, Lawrence, Kans. L. O. Hanson, 
P. G.- Hausman. 

SanrorD, Grorce W., Associate Professor 
of Engineering Administration, Case In- 
stitute of Technology, Cleveland, Ohio. 
H. R. Young, W. W. Culbertson. 

ScHaErer, Ropney A., Assistant Professor 
of Mechanics, Missouri School of Mines, 
Rolla, Mo. R. Z. Williams, C. L. Wilson. 

SsoGREN, JoHN W., Associate Professor of 
Agricultural Engineering, Virginia Poly- 
technic Institute, Blacksburg, Va. R. C. 
Brinker, P. H. McGauhey. 

SmirH, Rosert L., Assistant Professor of 
Applied Mechanics, University of Kansas, 
Lawrence, Kans. T. F. McMahon, L. O. 
Hanson. 

STEELE, KENNETH, Head, Physics Dept., 
Tri-State College, Angola, Ind. L. S. Ax, 
J. C. Humphries. 

Sugata, Henry L., Instructor in Applied 
Mechanics, University of Kansas, Law- 
dence, Kansas. G. W. Bradshaw, D. D. 
Haines. 
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NEW MEMBERS 


TaaFre, WILLIAM R., Associate Professor 
of Industrial Management, Carnegie Ing, 
of Technology, Pittsburgh, Pa. D, # 
Miner, J. W. Graham, Jr. 

TOULOUKIAN, YERAM S., Assistant Prof 
of Mechanical Engineering, Purdue Unb 
versity, Lafayete, Ind. J. Hilsenrath 
A. A. Potter. z 

VALLIER, JUSTIN D., Engineer, Educationg 
Service Division, General Electric Com 
pany, Schenectady, N. Y. C. F. Le 
W. H. Branch. 

Watas, STANLEY M., Associate Prof 
of Chemical Engineering, Univer 
Kansas, Lawrence, Kans. J. O. Ma 
F. A. Miller. a 

WALKER, CARROLL L., JR., Instruct 
Engineering, Texas ’ Western College, ¥ 
Paso, Texas. E, J. Guidemann, F, 
Decker. 

WILLIAMS, JAMES W., Assistant Prof 
of Civil Engineering, Duke Unive si 
Durham, N.C. F. J. Reed, R. S. 

Witson, Luoyp H., Assistant Profes 


Mechanical Engineering, Washington 
W. P. Armst on 


versity, St. Louis, Mo. 
C. J. Kippenhan. a 

WINSBRO, WILLIAM R., Assistant Profes 
of Chemical Engineering, University | 
Virginia, Charlottesville, Va. R. M. 
bard, O. L. Updike. 

Youna, RicuarD W., Instructor in Flee! 
cal Engineering, Catholic University | 
America, Washington, D. C. J. 1 
Michalowicz, T. J. MacKavanagh. a 

ZACHER, CLARENCE H., Instructor in Geng 
Engineering, Purdue University, La 
yette, Ind. F. F. Schlosser, I. N. Goff,” 

ZINK, Victor M., In Charge of Spee 
English, General Motors Institute, 
Mich. C. A. Brown, H. M. Dent. 
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VAN NOSTRAND 
FOR COLLEGE TEXTS 




















APPLIED KINEMATICS 


By J. Harland Billings. Teaches principles governing motion and de- 
sign of machine elements. 320 pp., 614 x 914, Cloth, Illus., $3.75. 


PROCESS EQUIPMENT DESIGN 


By Hermann C. Hesse and John H. Rushton. Includes in one, com- 
prehensive text all the design information needed in process engineer- 
ing for direct application. 580 pp., 6 x 9, Cloth, $6.50. 


ELEMENTS OF APPLIED ENERGY 


By Frederick T. Morse. An introduction to the various forms of 
energy which explains the how and why of the machines and other 
equipment in which energy plays a part. 454 pp., 6 x 9, Cloth, IIlus., 
$5.50. 


MECHANICAL LABORATORY METHODS 


5th Edition by Frederick W. Keator. Text based upon the original 
work by J. C. Smallwood. A reference and guide for laboratory 
courses in thermodynamics and heat power. Junior and senior level. 
380 pp., 6 x 9, Cloth, Illus., $4.75. 


TESTING OF ENGINEERING MATERIALS 


By Carl W. Muhlenbruch. Provides broad coverage of the properties 
of engineering materials. Eighteen experiments organized into eight- 
een complete chapters. 200 pp., 614 x 944, Cloth, Illus., $3.00. 


ENGINEERING TOOLS AND PROCESSES 


By Hermann C. Hesse. A one semester lecture or reading course. 
Directs particular attention to mass production. Illustrated with 
many excellent tool photographs, drawings and diagrams. 627 pp., 
6 x 9, Cloth, Illus., $5.50. 


POWER PLANT ENGINEERING AND DESIGN 


2nd Edition. By Frederick T. Morse. Provides a real understanding 
of power plant equipment. Many sample problems completely solved 
as well as wide choice of unsolved problems. 703 pp., 6144 x 9, 
Cloth, Illus., $7.00. 




















IF YOU TEACH OR DIRECT THESE COURSES, 
EXAMINATION COPIES ARE AVAILABLE FOR YOU. 
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INTERNAL COMBUSTION ENGINES. New 6th Edition 
By Lester C. Licuty, Yale University. Ready in May 


A major revision of this well-known text to simplify or.eliminate the more diffi- 
cult parts of the text, to extend the treatment to cover newer types of fuels, 
engines (including rockets), etc., and to cover the more pertinent material de- 
veloped during the past 12 years. 


BASIC THERMODYNAMICS 
By Cuares L. Brown, Purdue University. 266 pages, $4.50 


Designed to teach the first and second laws of thermodynamics and their applica- 
tions to a study of the devices which convert heat into work, or use work to trans- 
port heat. A short section on the elements of heat transmission as they relate 
to power generation and refrigeration is included. 


ELECTRICAL APPLIANCE SERVICING 
By Wriu1am H. Crouse. 855 pages, (textbook edition) $5.50 


Offers a complete course in electrical appliance servicing, containing all the neces- 
sary electrical and mechanical fundamentals, as well as the details of construc- 
tion, operation, and servicing of electrical appliances. Practical and instructive 
throughout, the book will serve as both a reference and a text. 


INTRODUCTION TO HEAT TRANSFER. New 2nd Edition 


By Ausrey I. Brown and SaLvaTorE M. Marco, Ohio State University. 
Ready in May 
An unusually intelligible and teachable presentation of the subject, the second 
edition includes revisions in the material on estimating head conduction by the 
mapping method, new material on conduction and radiation, expanded treatment 
of fluid flow, the addition of a table of conversion factors, and many new problems. 


Send for copies an approval 


McGRAW-HILL BOOK COMPANY, Inc. | 


330 West 42nd Street New York 18, N. Y. 





